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(54) Electric-component mounting apparatus and electric-component mounting method 



(57) An apparatus (20, 22) for moving at least one 

suction nozzle (90) fielding, by suction, an electric com- 
ponent (92), and mounting, on a circuit substrate (32), 
the component held by the nozzle, the apparatus includ- 
ing a nozzle-defect detecting device (78, 396; 460; 470; 
490) which detects a defect of the suction nozzle, and a 



nozzle exchanging device (62, 64, 170, 200, 190, 192, 
152, 280, 312) which automatically exchanges the 
defective suction nozzle having the detected defect, 
with a normal suction nozzle (90). 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 



[0001] The present invention relates to electric- 
component mounting apparatus and method for moving 
a suction nozzle holding, by suction, an electric compo- 
nent, and mounting, on a circuit substrate such as a 
printed circuit board, the electric component held by the 
suction nozzle, and particularly to the art of handling a 
defective suction nozzle. 

Related Art Statement 

[0002] This sort of electric-component ("EC") 
mounting apparatus is disclosed in, e.g., U.S. Patent 
Application No. 08/977,662 assigned to the assignee of 
the present application. The disclosed mounting appa- 
ratus includes a movable member; a rotatable body 
which Is rotatably supported by the movable member; 
and a plurality of suction nozzles which are supported 
by the rotatable body. When the movable member is 
moved, respective electric components ("ECs") held by 
the suction nozzles are simultaneously transferred, and 
when the rotatable body is rotated, the suction nozzles 
are sequentially moved to an EC-mount position where 
each of the suction nozzles mounts, on a circuit sub- 
strate ("CS"), the EC held thereby. 
[0003] The above-identified EC mounting appara- 
tus Iteratively holds and transfers ECs and mounts the 
ECs on CSs. Accordingly, in an EC mounting operation, 
one or more of the suction nozzles may become defec- 
tive, for example, may be bent or curved, be stained, or 
be worn, and may fail to hold or mount an EC. Conven- 
tionally, each defective suction nozzle Is manually 
exchanged with a normal suction nozzle by an operator. 
However, the nozzle exchange Is cumbersome and 
time-consuming. Since the EC mounting operation Is 
suspended by the nozzle exchange, the EC mounting 
efficiency is lowered. 

SUMMARY OF THE INVENTION 

[0004] It is therefore an object of the present inven- 
tion to provide an electric-component mounting appara- 
tus and an electric-component mounting method which 
can reduce the decrease of electric-component mount- 
ing efficiency when a defective suction nozzle is 
detected. 

[0005] According to a first aspect of the present 
invention, there is provided an apparatus for moving at 
least one suction nozzle for holding, suction, an electric 
component, and mounting, on a circuit substrate, the 
component held by the nozzle, the apparatus compris- 
ing a nozzle-defect detecting device for detecting a 
defect of the suction nozzle; and a nozzle exchanging 
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device for automatically exchanging the defective suc- 
tion nozzle having the detected defect, with a non- 
defective suction nozzle. The present electric-compo- 
nent ("EC") mounting apparatus may be one which 
5 Includes only one suction nozzle, or one which includes 
a plurality of suction nozzles. The at least one suction 
nozzle may be moved by a movable member which Is 
movable to an arbitrary position on a plane, or may be 
rotated by a rotatable body which is rotatable about an 
10 axis line. When the nozzle-defect detecting device auto- 
matically detects a defect of the suction nozzle, the noz- 
zle exchanging device automatically exchanges the 
defective suction nozzle having the defect, with a nor- 
mal suction nozzle. Thus, the present EC mounting 
75 apparatus exchanges the suction nozzles more quickly 
than an operator does with his or her hands. Although 
the EC mounting operation may be suspended by the 
nozzle exchange, the decrease of the EC mounting effi- 
ciency is minimized. In addition, since the EC mounting 
20 apparatus needs no intervention of the operator for per- 
forming the nozzle exchange and can full-automatically 
perform the EC mounting operation, the operator need 
not do the nozzle exchange and can do another task. 
Thus, the working efficiency of the operator is 
25 increased. 

[0006] The mounting apparatus may further com- 
prise a nozzle-exchanging-device control device which 
controls, when the nozzle-defect detecting device 
detects the defective suction nozzle, the nozzle 

30 exchanging device to exchange the defective suction 
nozzle with the non-defective suction nozzle, while sus- 
pending an electric-component mounting operation, 
which may be continuously performed when the nozzle- 
defect detecting device does not detect the defective 

35 suction nozzle. The electric-component ("EC") mount- 
ing operation means, for example, mounting a plurality 
of ECs on a single circuit substrate ("CS"), mounting a 
single EC on each of a plurality of CSs, or mounting a 
plurality of ECs on each of a plurality of CSs. In the case 

40 where the present EC mounting apparatus is one which 
can mount ECs in each of a plurality of different mount- 
ing manners, the EC mounting operation means mount- 
ing ECs in each of the different mounting manners. For 
example, as will be explained in DETAILED DESCRIP- 

45 TION OF THE PREFERRED EMBODIMENTS, in the 
case where two EC mounting apparatuses take ECs 
from respective exclusive EC supplying devices, and 
cooperate with each other to produce an electric circuit 
by alternately mounting the ECs on a CS. an EC mount- 

50 Ing system Including the two EC mounting apparatuses 
may be used in a first mounting manner in which the two 
EC supplying devices are used to mount ECs on a cer- 
tain single sort of CSs and include same sorts of EC- 
supply feeders and all the EC-supply feeders of the two 

55 supplying devices are used to mount ECs on each of a 
plurality of CSs of the single sort. Alternatively, the EC 
mounting system including the two mounting appara- 
tuses may be used in a second mounting manner In 
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which each of the two EC supplying devices include EC- 
supply feeders needed to mount ECs on two sorts of 
CSs and the EC-supply feeders of the two supplying 
devices, are used to mount continuously ECs on each of 
a plurality of CSs of the two sorts without needing any 
exchanges of the EC-supply feeders. The EC mounting 
operation includes all steps that are carried out, for 
mounting ECs, by the EC mounting apparatuses from 
the start to the end. Thus, the EC mounting operation 
includes, in addition to the step of mounting ECs on a 
CS, the step of sucking and holding the ECs, the step of 
moving the suction nozzles between the EC supplying 
devices and the CS, and may additionally include a 
waiting step in which the EC mounting apparatuses just 
wait without doing anything. Thus, the nozzle exchange 
may be performed in the EC mounting operation, for 
example, in the EC-mounting step, the EC-sucklng-and- 
holding step, the nozzle-moving step, or the waiting 
step. If the nozzle exchange is performed in the EC- 
mounting step, the EC-sucking-and-hoIding step, or the 
nozzle-moving step, each step is temporarily sus- 
pended, and after the exchange, It Is resumed. In the 
waiting step, the nozzle exchange can be performed 
without suspending any of the above-indicated steps. 
Since the defective suction nozzle is exchanged with 
the normal suction nozzle in the EC mounting opera- 
tion, the present EC mounting apparatus can continue 
to mount the ECs on the CS with the normal suction 
nozzle. This contributes to lowering the decrease of the 
EC mounting efficiency. For example, in the case where 
the present EC mounting apparatus includes a plurality 
of suction nozzles and does not use one or more defec- 
tive suction nozzles to mount ECs on a CS, the number 
of the suction nozzles that can be used to mount the 
ECs is decreased by the number of the defective suc- 
tion nozzles, which leads to lowering the EC mounting 
efficiency. However, after the defective nozzle or noz- 
zles is/are exchanged with the normal nozzle or noz- 
zles, the present apparatus can mount the ECs on the 
CS with the pre-programmed (i.e., maximum) number of 
nozzles. In the case where the present apparatus 
Includes only a single suction nozzle, an EC mounting 
operation is suspended if the suction nozzle becomes 
defective. However, since the present apparatus can 
quickly exchange the defective nozzle with a normal 
one, It can minimize the suspension time and accord- 
ingly the decrease of the EC mounting efficiency. In the 
case where the EC mounting operation includes a time 
duration in which the EC mounting apparatus does not 
mount any ECs, it is preferred that the defective nozzle 
be exchanged with a normal nozzle in that time dura- 
tion, because the EC-mounting step need not be sus- 
pended for the nozzle exchange. For example, in the 
case where the present apparatus is designed to mount 
ECs successively on each of a plurality of CSs, and 
does not mount any ECs in a time duration after It has 
mounted all ECs on one CS and before the one CS Is 
replaced with the next CS, the defective nozzle may be 
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exchanged with a normal one in that time duration. Oth- 
erwise, when the current sort of CSs on which ECs are 
currently mounted are changed to another sort of CSs 
and, in an adjustment time duration, various devices of 

5 the present EC mounting apparatus are adjusted to cor- 
respond to the new sort of CSs, for example, the CS- 
posltlon-and-support width of a CS positioning and sup- 
porting device for positioning and supporting each CS is 
adjusted to correspond to the width of the new sort of 

10 CSs, the defective nozzle may be exchanged with a nor- 
mal one in the adjustment time duration. In the case 
where a plurality of ECs are mounted on a single CS, for 
example, two EC mounting heads alternately mount 
ECs on a CS as will be described in DETAILED 

15 DESCRIPTION OF PREFERRED EMBODIMENTS, 
one of the two mounting heads may take a longer time 
to mount ECs on a CS than a time taken by the other 
mounting head to take ECs from a corresponding EC 
supplying device. In this case, while the other mounting 

20 head is taking ECs from the corresponding EC supply- 
ing device, the defective nozzle of the one mounting 
head may be exchanged with a normal one by using a 
time difference of the above-indicated longer and 
shorter times. In the last case, too, the decrease of the 

25 EC mounting efficiency can be minimized. 

[0007] The apparatus may be for mounting a plural- 
ity of electric components on a circuit substrate, and the 
nozzle-exchanging-device control device controls the 
nozzle exchanging device to exchange the defective 

30 suction nozzle with the non-detective suction nozzle, 
while suspending the electric-component mounting 
operation In which the electric components are mounted 
on the circuit substrate. Alternatively, the defective suc- 
tion nozzle may be exchanged with the normal suction 

35 nozzle, after all the ECs have been mounted on the CS. 
However, the present apparatus exchanges the defec- 
tive nozzle with the normal nozzle, while suspending the 
EC mounting operation. After the exchange, the present 
apparatus can mount ECs without the defective nozzle, 

40 which contributes to minimizing the decrease of the EC 
mounting efficiency. 

[0008] The apparatus may be for mounting a plural- 
ity of electric components on the circuit substrate, at 
least one of the nozzle-defect detecting device and the 

45 nozzle exchanging device operable in the electric-com- 
ponent mounting operation in which the electric compo- 
nents are mounted on the circuit substrate. In the case 
where both of the nozzle-defect detecting device and 
the nozzle exchanging device are operated in the EC 

so mounting operation, the present EC mounting appara- 
tus can mount, after the nozzle exchange, ECs on a CS 
without the defective nozzle, which leads to minimizing 
the decrease of the EC mounting efficiency. In the case 
where only the nozzle-defect detecting device Is oper- 

55 ated in the EC mounting operation, the present appara- 
tus can perform the nozzle exchange immediately after 
the EC mounting operation. And, in the case where only 
the nozzle exchanging device Is operated in the EC 
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mounting operation, the present apparatus can mount, 
after the nozzle exchange, ECs on a CS without lower- 
ing the EC mounting efficiency. 
[0009] The apparatus may further comprise a judg- 
ing device which judges, when the nozzle-defect detect- s 
ing device detects the defective suction nozzle, whether 
it is needed to exchange the defective suction nozzle 
with the normal suction nozzle to prevent the defective 
suction nozzle from holding, by suction, any other elec- 
tric component. Depending upon, e.g., different sorts io 
and/or degrees of defects, it may, or may not, be needed 
to exchange the defective suction nozzle with a normal 
one so as to prevent the defective nozzle from holding 
any other or additional EC. For example, in the case 
where the suction nozzle is broken, it is needed to is 
exchange the defective suction nozzle immediately; and 
in the case where the suction nozzle is curved, stained, 
or worn, it is needed to exchange the defective suction 
nozzle immediately. If the amount of curving, staining, or 
wearing of the nozzle is too small to affect adversely the 20 
EC mounting function of the nozzle. Thus, the judging 
device judges whether there is a need to exchange the 
defective nozzle immediately If not, the nozzle 
exchanging device may not exchange the defective noz- 
zle with a normal one immediately. In the last case, one 25 
or more useless nozzle exchanges can be avoided, 
which leads to avoiding the decrease of the EC mount- 
ing efficiency. In addition, since the time period in which 
the suction nozzle is used is more or less increased, the 
running cost of the present apparatus is decreased as 30 
such. 

[001 0] The apparatus may further comprise a mov- 
able member for supporting a plurality of suction noz- 
zles for holding, by suction, respective electric 
components, so that when the movable member is 35 
moved, the electric components held by the suction 
nozzles are simultaneously transferred with the mova- 
ble member. The movable member may be provided in 
one of various forms. For example, the movable mem- 
ber may be one which is movable in at least one of two 40 
directions which are perpendicular to each other on a 
reference plane. The movable member may be movable 
along a straight line, a curved line, or a combination 
thereof. The plurality of suction nozzles may be directly 
supported by the movable member, or may be indirectly 45 
supported by the movable member via a rotatable body 
according to the following feature that will be described 
below. Since the movable member simultaneously 
transfers the plurality of electric components, the mova- 
ble member is moved between the CS and the EC sup- so 
plying device less frequently than the case where the 
movable member supports only one suction nozzle and 
fetches only one EC from the EC supplying device to 
mount the one EC on the CS at each time. Thus, this 
feature contributes to improving the EC mounting effi- 55 
ciency When one of the plurality of suction nozzles sup- 
ported by the movable member becomes defective, the 
present EC mounting apparatus need not immediately 



exchange the defective nozzle with a normal one. How- 
ever, if the defective nozzle is exchanged quickly, the 
total number of movements of the movable member 
needed to mount all ECs on each CS can be decreased, 
which leads to minimizing the decrease of the EC 
mounting efficiency caused by the occurrence of the 
defective nozzle. 

[001 1] The movable member may comprise a rotat- 
able member which is rotatable about an axis line for 
supporting the suction nozzles around the axis line, the 
rotatable member being movable to sequentially posi- 
tion each of the suction nozzles at a component-mount 
position to enable each suction nozzle to mount, on the 
circuit substrate, the electric component held thereby 
The axis line may be perpendicular to, parallel to, or 
inclined relative to, an EC-transfer plane including an 
EC-transfer route along which the movable member is 
moved. The rotatable body may be an Intermittent-rota- 
tion body which is intermittently rotatable in one direc- 
tion; an intermittent-rotation body which is intermittently 
rotatable in each of opposite directions; or a rotatably 
body which is rotatable by an arbitrary angle In an arbi- 
trary direction. The component-mount position may 
coincide with a component-suck position where each 
suction nozzle sucks and holds an EC supplied by the 
EC supplying device, or may differ from the component- 
suck position. 

[0012] The nozzle-defect detecting device may 
comprise an image taking device for taking an image of 
at least a portion of the suction nozzle; and an image 
processing device for processing image data represent- 
ing the image taken by the image taking device, and 
judging whether the suction nozzle has the defect. The 
image taking device may be one which takes an image 
of a suction surface defined by a free end surface of the 
suction nozzle, while facing the suction surface in a 
direction substantially parallel to an axis line of the noz- 
zle, or one which takes an image of the entire nozzle 
while facing the nozzle in a direction intersecting the 
axis line thereof. The image taking device may be pro- 
vided by a surface-image taking device which can take 
a surface image of the suction nozzle at once, or by a 
so-called "line sensor". The surface-image taking 
device may include a matrix of CCDs (charge-coupled 
devices) as Image taking elements that cooperate with 
one another to define an image-take surface on which 
an image is formed. The line sensor may an array of 
CCDs as image taking elements. In the case where the 
surface-image taking device takes an image of, e.g., the 
suction surface defined by the free end surface of the 
suction nozzle, the image processing device can recog- 
nize curving, breaking, wearing, etc. of the suction noz- 
zle. In the case where the line sensor takes an image of 
the suction nozzle while facing the nozzle in a direction 
intersecting an axis line thereof, the image processing 
device can recognize curving or breaking of the nozzle. 
[0013] The nozzle-defect detecting device may fur- 
ther comprise a defect-detect moving device for moving 
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at least one of the suction nozzle and the image talcing 
device relative to the other of the suction nozzle and the 
image taking device. The defect-detect moving device 
moves the suction nozzle and the image taking device 
relative to each other, for the purpose of detecting a 
defect of the suction nozzle, or positioning the suction 
nozzle at an image-take position. For example, In the 
case where the line sensor is employed as the image 
taking device, the image processing device can obtain a 
two-dimensional image of the nozzle by moving the noz- 
zle and the line sensor relative to each other, and can 
recognize how the nozzle as a whole Is curved. 
[0014] The nozzle-defect detecting device may 
comprise a beam emitting device for emitting a light 
beam in a direction intersecting an axis line of the suc- 
tion nozzle; and a beam detecting device for detecting 
the light beam which has been emitted by the beam 
emitting device and has been affected by the suction 
nozzle. The light beam may be a common light having a 
wide spectrum. However, in the case where the light 
beam is a laser beam, the nozzle-defect detecting 
device can improve Its resolution. In the case where the 
beam emitting device is provided by an LED (light emit- 
ting diode), the LED emits, as the light beam, a multi- 
color light having a wide spectrum. In the case where 
the beam emitting device Is provided by a laser-beam 
emitting device, the laser beam is a mono-color light 
having a narrow spectrum. The light beam affected by 
the suction nozzle may be a light beam reflected by the 
nozzle, or a light beam which has passed around the 
nozzle. The beam emitting and detecting devices may 
be provided by a transmission-type or reflection-type 
photoelectric sensor that includes a light source, a light 
emitter, and a light receiver including a light detecting 
element. In the case of the transmission-type photoe- 
lectric sensor, the light receiver receives, as the light 
beam affected by the suction nozzle, the light beam 
which has passed around the nozzle. In the case of the 
reflection-type photoelectric sensor, the light receiver 
receives, as the light beam affected by the suction noz- 
zle, the light beam which has been reflected by the noz- 
zle. 

[0015] The nozzle-defect detecting device may fur- 
ther comprise a defect-detect moving device for moving 
at least one of the suction nozzle and a combination of 
the beam emitting device and the beam detecting 
device to the other of the suction nozzle and the combi- 
nation. The defect-detect moving device moves the suc- 
tion nozzle and the beam emitting and detecting 
devices relative to each other, for the purpose of detect- 
ing a defect of the suction nozzle, or positioning the suc- 
tion nozzle at an image-take position. In the case where 
the nozzle and the beam emitting and detecting devices 
are moved, for detecting a defect of the nozzle, relative 
to each other, e.g., in a direction having a component 
intersecting an axis line of the nozzle, the nozzle-defect 
detecting device can detect curving of the nozzle irre- 
spective of whichever diameter the nozzle may have, 



because the curved nozzle affects the light beam at a 
timing different than that at which a normal nozzle does. 
[0016] The defect-detect moving device may com- 
prise a nozzle moving device for moving the suction 

5 nozzle in a direction having at least one of a first direc- 
tion component intersecting an axis line of the suction 
nozzle and a second direction component parallel to the 
axis line. As described above in connection with the 
eleventh feature (1 1), if the suction nozzle is moved in a 

10 direction having a component intersecting the axis line 
of the nozzle, the nozzle-defect detecting device can 
detect curving of the nozzle irrespective of the diameter 
of the nozzle. Likewise, if the suction nozzle is moved in 
a direction having a component parallel to the axis line 

15 of the nozzle, the nozzle-defect detecting device can 
detect curving or breaking of the nozzle, based on a tim- 
ing at which the light beam is affected by the nozzle. At 
least a portion of the defect-detect moving device of a 
type that moves the suction nozzle in a direction having 

20 a component intersecting the axis line of the nozzle, 
may be commonly shared by an EC-transfer moving 
device which moves the nozzle to transfer the EC held 
thereby, or may be provided by an exclusive or inde- 
pendent moving device. As will be explained in 

25 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS, the section nozzle may be elevated 
and lowered, for mounting the EC on the CS, by an ele- 
vating and lowering device in a direction parallel to .the 
axis line of the nozzle. In this case, the defect-detect 

30 moving device may be provided by the elevating and 
lowering device. 

[0017] The defect-detect moving device may com- 
prise a nozzle rotating device for rotating the suction 
nozzle about an axis line thereof. Since the suction noz- 

35 zle is rotated, the nozzle can be viewed in a plurality of 
directions on a reference plane intersecting the axis line 
of the nozzle, so that a defect of the nozzle can be 
detected with reliability. For example, if the nozzle is 
curved in a direction parallel to a direction in which the 

40 light beam is emitted and the curved nozzle is located 
on a plane including the path of travelling of the beam, it 
is difficult to judge whether the nozzle is curved or not. 
However, when the curved nozzle is rotated, the nozzle 
will be deviated from that plane at some angular phase, 

45 so that the curving of the nozzle can be detected. As will 
be described in DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS, the present EC mount- 
ing apparatus may employ a nozzle rotating device 
which rotates a suction nozzle about its axis line to 

50 change the current rotation position of an EC held 
thereby, and/or correct a rotation-position error of the 
EC. In this case, the thus employed nozzle rotating 
device may provide the nozzle rotating device of the 
defect-detect moving device. In the last case, the noz- 

55 zle-defect detecting device may detect a defect of the 
nozzle, either while the nozzle is rotated to change the 
current rotation position of the EC and/or correct the 
rotation-position error of the EC. or while the nozzle is 
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rotated for this particular purpose independent of 
changing of the current rotation position of the EC 
and/or correcting of the rotation-position error of the EC. 
[0018] The nozzle-defect detecting device may 
comprise a failure detecting device for detecting a fail- s 
ure of the suction nozzle to hold, by suction, an electric 
component; and a judging device for judging, based on 
the detected failure, whether the suction nozzle has the 
defect. If the suction nozzle has a defect, the nozzle 
may fail to hold an EC, for example. It does not hold an io 
EC when it should do, or It holds an EC which, however, 
has an inappropriate posture In which the EC cannot be 
mounted. Thus, a defect of the nozzle can be detected 
by detecting a failure of the nozzle to hold an EC. A fail- 
ure of the nozzle to hold an EC can be detected In vari- is 
ous manners. For example, If the nozzle falls to hold an 
EC when It should do, a much more amount of air flows 
into the nozzle without the EC than the amount of air 
that would flow Into the nozzle with the EC. Therefore, 
upon occurrence of a failure, for example, a negative 20 
pressure in a suction passage of the nozzle Is weak- 
ened, or a vacuum pump is operated at an Increased 
speed to maintain the negative pressure of the suction 
passage at a predetermined value. Thus, the failure 
detecting device can detect the failure. Othenwise, the 25 
failure detecting device may employ an image taking 
device which takes an image of an EC held by the noz- 
zle. In this case, the failure detecting device can detect 
a failure of the nozzle based on the taken image. As will 
be described in DETAILED DESCRIPTION OF THE 30 
PREFERRED EMBODIMENTS, the present EC mount- 
ing apparatus may employ an Image taking device 
which takes an Image of an EC held by a suction nozzle, 
for the purpose of mounting the EC in an appropriate 
posture on a CS. In this case, the thus employed image 3S 
taking device may provide the image taking device of 
the failure detecting device. Alternatively, the failure 
detecting device may employ an Image taking device 
which Is exclusively used to detect a failure of the nozzle 
to hold an EC. 4^ 
[001 9] The judging device may comprise a statistic- 
analysis device for statistically analyzing a plurality of 
failures detected by the failure detecting device, and 
judging, based on the statistic-analysis of the statistic- 
analysis device, whether the suction nozzle has the 4S 
defect. The present failure detecting device detects a 
plurality of failures of the suction nozzle to hold a plural- 
ity of ECs, the static-analysis device statistically ana- 
lyzes the detected failures, and the judging device 
judges, based on the static analysis of the statlc-analy- so 
sis device, whether the suction nozzle has a defect. 
Thus, the judging device can make a positive or nega- 
tive judgement with high reliability 
[0020] The nozzle exchanging device may com- 
prise a nozzle storing device for storing a plurality of 55 
suction nozzles such that each one of the suction noz- 
zles is removable therefrom independent of the other 
suction nozzles; and a nozzle-exchange moving device 



for performing a nozzle-exchange movement Including 
a combination of a first relative movement of the each 
suction nozzle and the nozzle storing device in a direc- 
tion parallel to an axis line of the each suction nozzle 
and a second relative movement of the each suction 
nozzle and the nozzle storing device In a direction per- 
pendicular to the axis line. It is preferred that at least a 
portion of the nozzle-exchange moving device be com- 
monly shared by the defect-detect moving device 
according to the twelfth feature (12). Alternatively, at 
least a portion of the nozzle-exchange moving device 
be commonly shared by an EC-transfer moving device 
which moves the suction nozzle to transfer the EC held 
by the nozzle. It is possible that the nozzle-exchange 
moving device, the defect-detect moving device, and 
the EC-transfer moving device share at least a portion 
thereof. In the last case, the EC mounting apparatus 
can enjoy a simple construction. 
[0021] The nozzle exchanging device may further 
comprise a nozzle holder for holding the suction nozzle 
in a state in which the nozzle holder permits the suction 
nozzle to be removed therefrom when being drawn with 
a force having a direction toward a free end thereof and 
a magnitude greater than a reference value; and a per- 
mitting and inhibiting device which is supported by the 
nozzle storing device and which Is selectively placeable 
In a permitting state in which the permitting and inhibit- 
ing device permits the suction nozzle held by the nozzle 
holder to be stored by the nozzle storing device by being 
moved in one of opposite directions parallel to an axis 
line of the suction nozzle and permits each of the suc- 
tion nozzles stored by the nozzle storing device to be 
removed from the nozzle storing device by being moved 
in the other direction, and an inhibiting state in which the 
permitting and inhibiting device Inhibits the suction noz- 
zle held by the nozzle holder from being stored by the 
nozzle storing device by being moved in the one direc- 
tion and inhibits the each suction nozzle stored by the 
nozzle storing device from being removed from the noz- 
zle storing device by being moved in the other direction. 
In the state in which the permitting and Inhibiting device 
is placed in the Inhibiting state, each suction nozzle Is 
Inhibited from being removed from the nozzle storing 
device; but in the state in which the permitting and inhib- 
iting device is placed in the permitting state, each suc- 
tion nozzle can be easily removed from the nozzle 
storing device. When the suction nozzle held by the 
nozzle holder is drawn with a force having a magnitude 
greater than a reference value in a direction parallel to 
the axis line of the nozzle, the nozzle can be easily 
removed from the holder. 

[0022] Preferably, each of the suction nozzle held 
by the nozzle holder and the suction nozzles stored by 
the nozzle storing device includes a holdable portion 
which can be held by the nozzle holder, and a shoulder 
surface facing toward a side of the holdable portion, and 
the nozzle storing device comprises a nozzle storing 
member, a nozzle-removal inhibiting member, and a 
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nozzle-removal-inhibiting-member moving device, the 
nozzle storing member having a plurality of nozzle stor- 
ing holes which are formed along a reference plane and 
each of which can accommodate a free-end-side por- 
tion of the each suction nozzle that is located between a 
free end thereof and the shoulder surface thereof, the 
nozzle-removal inhibiting member being movable along 
the reference plane, and having a plurality of through- 
holes which correspond to the plurality of nozzle storing 
holes of the nozzle storing member, respectively, and 
each of which permits the free-end-side portion of the 
each suction nozzle to be passed therethrough in the 
opposite directions parallel to the axis line of the each 
suction nozzle, and a plurality of nozzle-removal inhibit- 
ing portions which are adjacent to the plurality of 
through-holes, respectively, and each of which can 
engage the shoulder surface of the each suction nozzle 
to prevent the each suction nozzle from being removed 
from the nozzle storing member, the nozzle-removal- 
inhibiting-member moving device moving the nozzle- 
removal inhibiting member to an operative position 
thereof where each of the nozzle-removal inhibiting por- 
tions can engage the shoulder surface of the each suc- 
tion nozzle and to an inoperative position thereof where 
the plurality of through-holes are aligned with the plural- 
ity of nozzle storing holes, respectively, the permitting 
and inhibiting device comprising the nozzle-removal 
Inhibiting member and the nozzle-removal-inhibiting- 
member moving device. When the suction nozzle held 
by the nozzle holder is returned to the nozzle storing 
member, the nozzle-removal Inhibiting member is 
moved to the inoperative position where the inhibiting 
member permits the nozzle holder to return the suction 
nozzle held thereby, to the nozzle storing member and 
permits the nozzle held by the nozzle holder to be held 
by the storing member as well. Subsequently, the inhib- 
iting member is moved to the operative position where 
the inhibiting member inhibits the nozzle held by the 
nozzle holder and the storing member, from being 
removed from the storing member. Then, when the noz- 
zle holder is moved in a direction away from the storing 
member, the nozzle is drawn with a force greater than a 
reference value in a direction in which the nozzle is 
removed from the holder, so that the nozzle is removed 
from the holder. 

[0023] According to a second aspect of the present 
Invention, there is provided an apparatus for performing 
a series of electric-component mounting operations, the 
apparatus comprising a mounting device for mounting, 
according to a prescribed electric-component mounting 
program, a plurality of electric components on each of a 
plurality of circuit substrates in a corresponding one of 
the series of electric-component mounting operations; 
and an in-operation nozzle exchanging device for 
exchanging a defective suction nozzle with a non-defec- 
tive suction nozzle during the series of electric-compo- 
nent mounting operations. Since the defective suction 
nozzle Is exchanged with a normal one in the series of 
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EC mounting operations, the present apparatus can 
continue, without the defective nozzle, the series of EC 
mounting operations after the nozzle exchange till the 
end of the last one of the series of EC mounting opera- 

5 tions. Therefore, the degree of lowering of the EC 
mounting efficiency can be decreased as compared 
with the case where the nozzle exchange is carried out 
after the end of the series of EC mounting operations. 
The in-operation nozzle exchanging device may 

70 exchange the defective suction nozzle with the normal 
suction nozzle in the one of the series of electric-com- 
ponent mounting operations In which the mounting 
device mounts the plurality of electric components on 
the each circuit substrate. The present apparatus can 

15 enjoy the same advantages as those of the EC mount- 
ing apparatus according to an aforementioned feature 
[0024] According to a third aspect of the present 
invention, there is provided a method of moving at least 
one suction nozzle for holding, by suction, an electric 

20 component, and mounting, on a circuit substrate, the 
component held by the nozzle, the method comprising 
the steps of detecting a defect of the suction nozzle, and 
automatically exchanging the defective suction nozzle 
having the detected defect, with a non-defective suction 

25 nozzle. The present method can enjoy the same advan- 
tages as those of the EC mounting apparatus according 
to the first aspect. 

[0025] According to a fourth aspect of the present 
invention, there is provided a method of performing a 

30 series of electric-component mounting operations In 
each of which a plurality of electric components are 
mounted, according to a prescribed electric-component 
mounting program, on a corresponding one of a plurality 
of circuit substrates, the method comprising the step of 

35 exchanging a defective suction nozzle with a non-defec- 
tive suction nozzle during the series of electric-compo- 
nent mounting operations. The present method can 
enjoy the same advantages as those of the EC mount- 
ing apparatus according to the second aspect. 

40 [0026] The step of exchanging the defective suction 
nozzle with the normal suction nozzle may comprise 
exchanging the defective suction nozzle with the non- 
defective suction nozzle during the series of electric- 
component mounting operations in which the plurality of 

45 electric components are mounted on the one circuit 
substrate. 

[0027] The method may further comprise detecting, 
during the series of electric-component mounting oper- 
ations, a defect of a suction nozzle, and the step of 

50 exchanging the defective suction nozzle with the non- 
defective suction nozzle may comprise exchanging the 
defective suction nozzle having the detected defect, 
with the non-defective suction nozzle, to prevent the 
defective suction nozzle from holding, by suction, any 

55 other electric component. 

[0028] The method may further comprise detecting, 
during the series of electric-component mounting oper- 
ations, a defect of a suction nozzle, and continuing the 
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series of electric-component mounting operations with- 
out instantly exchanging the defective suction nozzle 
having the detected defect, with the non-defective suc- 
tion nozzle, and the step of exchanging the defective 
suction nozzle with the non-defective suction nozzle 5 
may comprise exchanging, when a predetermined con- 
dition is satisfied, the defective suction nozzle having 
the detected defect, with the non-defective suction noz- 
zle. The predetermined condition is, for example, that 
an amount of curving of the suction nozzle is too great w 
to use the nozzle for mounting ECs on a CS; that all 
ECs have been mounted on one CS; that the series of 
EC mounting operations has ended; that in the case 
where a plurality of suction nozzles are employed, a 
defect of each of the nozzles has been detected; or that 75 
in the case where the series of EC mounting operations 
includes a waiting step in which the suction nozzle waits 
for mounting ECs, the waiting step has started. In the 
present EC mounting method, since a timing at which 
the defective nozzle is exchanged with a normal one is 20 
delayed from a timing at which the defective nozzle is 
detected, the period of use of the nozzle is increased, 
which leads to reducing the increase of the cost of noz- 
zles. In addition, in the case where the defective nozzle 
is exchanged with a normal one in the waiting step in 25 
which the nozzle is not used for mounting ECs on a CS, 
the decrease of the EC mounting efficiency is reduced.' 
[0029] Features described above relating to method 
aspects can be applied to apparatus aspects, and vice 
versa. ^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] The above and optional objects, features, 
and advantages of the present invention will be better 35 
understood by reading the following detailed description 
of the preferred embodiments of the Invention when 
considered in conjunction with the accompanying draw- 
ings, in which: 

Fig. 1 is a schematic plan view of an electric-com- 
ponent ("EC") mounting system which includes an 
EC mounting apparatus embodying the present 
invention and which carries out an EC mounting 
method also embodying the present invention; 45 
Fig. 2 is a front cross-section view of a relevant por- 
tion of an intermittent-rotation body as part of the 
EC mounting apparatus of Fig. 1; 
Fig. 3 is a front cross-section view of an EC suction 
nozzle and a nozzle holder which are supported by so 
the intermittent-rotation body of Fig. 2; 
Fig. 4 is a schematic front view of a nozzle- 
exchange sensor and a nozzle-presence sensor 
which are supported by the EC mounting apparatus 
of Fig. 1; ^5 

Fig. 5 is a front view of a nozzle-defect sensor 
which is supported by the EC mounting apparatus 
of Fig. 1; 



Fig. 6 is a partly cross-sectioned, front view of a 
suction-nozzle storing device of the EC mounting 
apparatus of Fig. 1; 

Fig. 7 is a side elevation view of the suction-nozzle 
storing device of Fig. 6; 

Fig. 8 is a plan view of a nozzle storing plate as part 
of the suction-nozzle storing device of Fig. 6; 
Fig. 9 is a front cross-section view of a nozzle-stor- 
ing hole of the nozzle storing plate of Fig. 6; 
Fig. 10 is a plan view of the nozzle storing plate of 
Fig. 6 together with a nozzle-removal inhibiting 
plate which is in its operative position; 
Fig. 1 1 is a plan view of the nozzle storing plate of 
Fig. 6 together with the nozzle- removal inhibiting 
plate which is In its inoperative position; 
Fig. 12 is a partly cross-sectioned, front elevation 
view of the nozzle storing plate of Fig. 6 together 
with the nozzle-removal inhibiting plate; 
Fig. 13 is a cross-sectioned, side elevation view of 
a pin which projects from the nozzle storing plate 
and which is fitted in an elongate hole of the nozzle- 
removal inhibiting plate; 

Fig. 14 is a block diagram of a relevant portion of a 
control device of the EC mounting system of Fig. 1 ; 
Fig. 15 is a flow chart representing a nozzle-defect 
detecting routine pre-stored in a read only memory 
("ROM") of a computer as the control device of Fig 
14; 

Fig. 16 is a view for explaining an operation of a 
nozzle-defect detecting device of another EC 
mounting apparatus as a second embodiment of 
the present invention; 

Fig. 17 is a graph for explaining the manner in 
which the nozzle-defect detecting device of Fig. 16 
detects a defect of a suction nozzle; 
Fig. 18 is a schematic view of a so-called "line sen- 
sor" as a nozzle-defect detecting device of another 
EC mounting apparatus as a third embodiment of 
the present invention; 

Fig. 19 is a view of a surface-image taking device 
as a nozzle-defect detecting device of another EC 
mounting apparatus as a fourth embodiment of the 
present invention; 

Figs. 20A, 20B, 20C. and 20D are views for explain- 
ing the manner in which the nozzle-defect detecting 
device of Fig. 19 detects each of various sorts of 
defects of suction nozzles; 

Fig. 21 is a flow chart representing a nozzle-defect 
detecting routine pre-stored in a ROM of a compu- 
ter as a control device of another EC mounting 
apparatus as a fifth embodiment of the present 
invention; 

Fig. 22 is an illustrative view of a construction of a 
random access memory ("RAM") of the computer 
that is utilized to carry out the nozzle-defect detect- 
ing routine of Fig. 20; and 
Fig. 23 is a view for explaining an operation of a 
nozzle-defect detecting device of another EC 



8 



EP 1 032 251 A2 16 



mounting apparatus as a sixth embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0031] Hereinafter, there wiil be described an elec- 
tric-component ("EC") mounting system 10 including 
two EC mounting apparatuses 20, 22 to which the 
present invention is applied. Each of the two EC mount- 
ing apparatuses 20, 22 candies out an EC mounting 
method to which the present invention is also applied. 
[0032] The EC mounting system 10, shown in Fig. 
1, is part of an electric-circuit assembly line which 
includes, in addition to the EC mounting system 10, a 
screen printing system (not shown) as an upstream- 
side device provided on an upstream side of the EC 
mounting system 1 0 in a direction in which a circuit sub- 
strate ("CS") is conveyed, and a solder ref lowing system 
(not shown) as a downstream-side device provided on a 
downstream side of the EC mounting system 10. The 
screen printing system is a sort of solder-paste applying 
system which applies solder paste to the CS, that is, 
prints the solder paste on the CS, for providing a printed 
circuit board ("PCB") 32 on which ECs 92 are to be 
mounted by the EC mounting system 10. The solder 
reflowing system reflows or melts the solder paste 
printed on the PCS 32 and electrically connects the ECs 
92 to the PCB 32. 

[0033] The EC mounting system 10 will be 
described below. 

[0034] In Fig. 1 , reference numeral 12 designates a 
base on which a PCB conveying device 14, two EC sup- 
plying devices 1 6, 18, and the two EC mounting appara- 
tuses 20, 22 are provided. The PCB conveying device 
14 and the EC supplying devices 16, 18 have the same 
constructions as those of the PCB conveying device 
and EC supplying devices disclosed in U.S. Patent 
Application Serial No. 08/977,662 assigned to the 
Assignee of the present application. In addition, the EC 
mounting apparatuses 20. 22, except respective por- 
tions thereof relating to the detection of suction-nozzle 
defects and the exchange of suction nozzles that will be 
described later, have the same constructions as those 
of the EC mounting devices disclosed in the above-indi- 
cated U.S. Patent Application. Therefore, first, relevant 
portions of the devices and apparatuses 14, 16, 18, 20, 
22 are described and then the detection of suction-noz- 
zle defects and the exchange of suction nozzles are 
described. 

[0035] The PCB conveying device 14 includes two 
main conveyors 24, 26, a single carry-in conveyor 28, 
and a single carry-out conveyor 30. The two main con- 
veyors 24, 26 include respective PCB positioning and 
supporting devices each of which positions and sup- 
ports the PCB 32 as the CS, and are juxtaposed, that is, 
arranged side by side, in a direction (I.e., Y-axis direc- 
tion) which Is perpendicular, on a horizontal plane, to a 



direction (I.e., X-axis direction) in which the PCB 32 Is 
conveyed. The X-axis direction will be referred as the 
"PCB-convey direction", if appropriate. The X-axis 
direction, i.e., the PCB-convey direction is the direction 

5 from the left-hand side to the right-hand side in Fig. 1 . 
[0036] The carry-In conveyor 28 is provided on the 
upstream side of the main conveyors 24, 26 in the PCB- 
convey direction, and is shifted by a carry-in-conveyor 
shifting device (not shown) to a first shift position where 

10 the carry-In conveyor 28 is aligned with the first main 
conveyor 24 and to a second shift position where the 
carry-in conveyor 28 is aligned with the second main 
conveyor 26. The carry-in conveyor 28 receives, from 
the screen printing device, the PCB 32 on which the sol- 

15 der paste has been screen-printed by the printing 
device, and carries in the PCB 32 to the first or second 
main conveyor 24, 26. 

[0037] The carry-out conveyor 30 is provided on the 
downstream side of the main conveyors 24, 26 in the 

20 PCB-convey direction, and is shifted by a carry-out-con- 
veyor shifting device (not shown) to a first shift position 
where the carry-out conveyor 30 is aligned with the first 
main conveyor 24 and to a second shift position where 
the carry-out conveyor 30 is aligned with the second 

25 main conveyor 26. The canry-out conveyor 30 receives, 
from the first or second main conveyor 24, 26, the PCB 
32 on which the ECs 92 have been mounted by the EC 
mounting apparatuses 20, 22, and carries out the PCB 
32 to the paste reflowing system. 

30 [0038] Each of the EC supplying devices 16, 18 
includes a plurality of EC feeders 42 each of which is 
detachably attached to a feeder-support table 40. Each 
of the EC feeders 42 includes a tape feeding device 
which feeds a plurality of ECs 92 in the form of an EC 

35 carrier tape and supplies the ECs 92 one by one to an 
EC-supply portion of the each feeder 42. The plurality of 
EC feeders 42 are attached to the feeder-support table 
40 such that the respective EC-supply portions of the 
EC feeders 42 are arranged along a straight line parallel 

40 to the X-axis direction. 

[0039] The EC mounting apparatuses 20, 22 
include respective EC mounting heads 50, 52, and 
respective X-Y robots 62, 64 which include respective 
X-axis slides 54, 56 and respective Y-axis slides 58, 52 

45 and which move the respective EC mounting heads 50, 
60 to respective arbitrary positions on a horizontal 
plane. Since the two EC mounting heads 50, 52 have 
the same construction and the two X-Y robots 62, 64 
have the same construction, only the EC mounting head 

so 50 and the X-Y robot 62 will be described below. 

[0040] The Y-axis slide 58 is provided on the base 
12 such that the Y-axis slide 58 is movable in the Y-axis 
direction, and the X-axis slide 54 is provided on the Y- 
axis slide 58 such that the X-axis slide 54 Is movable in 

55 the X-axis direction. The Y-axis slide 58 Is moved In the 
Y-axis direction by a Y-axis-slide moving device includ- 
ing a Y-axis servomotor 65 (Fig. 14) as a drive source 
and a motion converting device which converts the rota- 
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tion of the Y-axis servomotor 65 into linear motion and 
transmits the linear motion to the Y-axis slide 58. Simi- 
larly, the X-axis slide 54 is moved, as shown in Fig. 2, in 
the X-axis direction by an X-axis-slide moving device 71 
including an X-axis servomotor 66 (Fig. 14) as a drive 
source and a motion converting device 69 which con- 
verts the rotation of the X-axis servomotor 66 into linear 
motion and transmits the linear motion to the X-axis 
slide 54. The motion converting device 69 includes a 
feed screw 63 and a nut 67. 

[0041] The EC mounting head 50 includes an Inter- 
mittent-rotation ("IR") body 68 (Fig. 2) which is attached 
to the X-axis slide 54 such that the IR body 68 is inter- 
mittently rotatable about an axis line inclined with 
respect to a vertical line perpendicular to the horizontal 
plane. The rotation body 68 includes an axis member 70 
which is supported by the X-axis slide 54 such that the 
axis member 70 is rotatable about the inclined axis line; 
and a shaft-member supporting member 72 which is 
fixed to the axis member 70. The shaft-member sup- 
porting member 72 has sixteen support holes 74. such 
that the sixteen support holes 74 are equiangularly 
spaced from one another about the inclined axis line of 
the axis member 70 and such that respective center 
lines of the sixteen support holes 74 are defined by six- 
teen generators of a conical surface whose center line 
coincides with the Inclined axis line. The IR body 68 is 
attached to the X-axis slide 54 such that the axis line of 
the axis member 70 is inclined relative to a vertical line 
perpendicular to a horizontal mounting-head-convey 
plane along which the mounting head 50 is conveyed by 
the X-Y robot 62, by an angle which assures that one of 
the sixteen generators of the conical surface perpendic- 
ularly intersects the horizontal mounting-head-convey 
plane. 

[0042] The IR body 68 is precisely rotated by an 
arbitrary angle In each of opposite directions about the 
inclined axis line of the axis member 70, by a rotating 
device 78 including a servomotor 76 as a drive source. 
The servomotor 76 is provided on the X-axis slide 54 
such that an axis line of the motor 76 is perpendicular to 
the axis line of rotation of the IR body 68 (i.e., the 
inclined axis line of the axis member 70) and is Inclined 
relative to the vertical line such that the upper portion of 
the axis line of the motor 76 is the more distant portion 
thereof from the inclined axis line. The rotation of the 
servomotor 76 Is transmitted to the axis member 70 via 
a driven bevel gear 80 and a drive bevel gear 81 as a 
driven wheel and a drive wheel that are meshed with 
each other, so that the IR body 68 is rotated. 
[0043] As shown in Fig. 3, sixteen sleeve members 
83 each as a rotatable member are fitted in the sixteen 
support holes 74 of the shaft-member supporting mem- 
ber 72. respectively, such that each of the sleeve mem- 
bers 83 is not movable in an axial direction thereof 
parallel to the axis line of rotation of the IR body 68 and 
is rotatable about its own axis line. The sixteen shaft 
members 84 are fitted in the sixteen sleeve members 



83, respectively, such that each of the shaft members 
84 is movable relative to the corresponding sleeve 
member 83 in an axial direction thereof parallel to the 
rotation axis line of the IR body 68 and is rotatable about 
5 its own axis line together with the corresponding sleeve 
member 83. The sixteen shaft members 84 are biased 
upward by respective compression coil springs 86 each 
as a spring member as an elastic member as a sort of 
biasing member or device, respectively. When the IR 
10 body 68 is rotated, the sixteen shaft members 84 are 
revolved about the rotation axis line of the IR body 68. 
[0044] The sixteen shaft members 84 carry, at 
respective lower end portions thereof projecting down- 
ward from the IR body 68, respective EC suction noz- 
15 zles 90. Each of the EC suction nozzle 90 sucks and 
holds an EC 92 by applying negative air pressure or 
vacuum to the EC 92. Each suction nozzle 90 is con- 
nected to a passage 94 formed in the corresponding 
shaft member 84, and a corresponding switch valve 96 
20 attached to the IR body 68. The switch valve 96 is con- 
nected to a vacuum source (not shown) via a passage 
98 formed in the IR body 68. The switch valve 96 is 
switched, by a switch-valve control device (not shown), 
to a vacuum-supply position where the valve 96 
25 changes the air pressure in the suction nozzle 90, from 
a value greater than the atmospheric pressure to a neg- 
ative value, thereby enabling the nozzle 90 to suck an 
EC 92, and to an EC-release position where the valve 
96 changes the air pressure of the nozzle 90, from the 
30 negative value to the value greater than the atmos- 
pheric pressure, thereby allowing the nozzle 90 to 
release the EC 92. Even when the IR body 68 is rotated, 
the passages 98 formed in the IR body 68 are kept com- 
municated with a passage which is formed in the X-axis 
35 slide 54 and Is connected to the vacuum source. 

[0045] As shown in Fig. 3, each of the EC suction 
nozzles 90 is attached to the corresponding shaft mem- 
ber 84 via an adaptor 100. The adaptor 100 is fitted In a 
receiving hole 104 formed In a nozzle holding portion 
40 1 02 provided at the lower end portion of the shaft mem- 
ber 84. The adaptor 100 is movable relative to the shaft 
member 84 in the axial direction thereof. The adaptor 
100 is held by a plurality of holding members 106 (only 
one holding member 106 is shown in Fig. 3) which are 
45 supported by the nozzle holding portion 102 such that 
the plurality of holding members 106 are equiangularly 
spaced from each other about the axis line of the shaft 
member 84. The adaptor 100 is biased in a direction in 
which the adaptor 1 00 projects downward from the noz- 
50 zle holding portion 102, by a compression coil spring 
108 as a spring member as an elastic member as a sort 
of biasing device. 

[0046] The nozzle holding portion 102 has a plural- 
ity of grooves 1 10 which extend parallel to the axis line 
55 of the shaft member 84 and which are equiangularly 
spaced from each other about the same axis line. The 
holding members 106 are fitted In the grooves 110, 
respectively, such that the holding members 106 are 
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pivotabie in the grooves 110. The holding members 106 
are supported on the nozzle holding portion 102, with 
the help of an annular spring member 112 which is fitted 
on the holding portion 102. The holding members 106 
include respective projections 1 14 which project toward 5 
the center line of the nozzle holding portion 102 and 
which are fitted In respective holes 116 formed In the 
holding portion 102 such that each of the holding mem- 
bers 106 is contacted with a bottom surface of the cor- 
responding hole 1 16 and is pivotabie about an axis line 10 
perpendicular to a lengthwise direction thereof and tan- 
gential to a portion of the holding portion 102 to which 
the each holding member 106 is attached. 
[0047] In addition, each holding member 106 
Includes an operative portion 118 which Is provided is 
above the projection 114 and is fitted In a hole 120 
formed In the nozzle holding portion 102. Since the pro- 
jection 114 and the operative portion 118 of each hold- 
ing member 106 are fitted in the holes 110, 120 of the 
nozzle holding portion 102, respectively, the each hold* 20 
Ing member 106 is prevented from being pivoted about 
an axis line which perpendicularly intersects the axis 
line of the shaft member 84. 

[0048] A lower portion of each of the holding mem- 
bers 1 06 is fitted in a corresponding one of a plurality of 2S 
holes 126 formed in a large-diameter engaging portion 
124 of the adaptor 100. Thus, the adaptor 100 is pre- 
vented from being rotated relative to the nozzle holding 
portion 102. Each holding member 106 has an engag- 
ing projection 128 which projects from a lower end por- 30 
tion thereof toward the adaptor 100 and which Is 
engageable with a lower surface of the large-diameter 
engaging portion 124. Thus, the adaptor 100 is pre- 
vented from coming out of the receiving hole 104 of the 
nozzle holding portion 102. In the state in which the 3S 
respective engaging projections 128 of the holding 
members 106 are disengaged from the engaging por- 
tion 124 of the adaptor 100, by pushing the operative 
portions 1 1 8 of the holding members 1 06 and thereby 
pivoting the holding members 106 against the biasing 40 
force of the spring member 112, the adaptor 1 00 can be 
removed from the nozzle holding portion 102 of the 
shaft member 84. 

[0049] Each of the EC suction nozzles 90 includes 
a pipe holding member 1 32, and a suction pipe 1 34 held 45 
by the holding member 132. The pipe holding member 
132 Includes a tapered portion 136 as a fitted portion 
which is fitted in a tapered hole 1 38 as a receiving hole 
which is formed in the adaptor 100. The pipe holding 
member 132 Is supported on the adaptor 100 with the so 
help of a generally U-shaped spring member 140. Two 
arm portions of the spring member 140 are fitted In two 
grooves 142 formed in the adaptor 100, respectively. 
The distance between the two arm portions decreases 
In a direction toward respective free ends of the arm 55 
portions, and respective free-end portions of the two 
arm portions are bent toward each other. Thus, the 
spring member 140 Is prevented from coming off the 



adaptor 100. 

[0050] In the state in which the tapered portion 1 36 
is fitted In the tapered hole 138, the spring member 140 
is fitted in an annular groove 1 44 formed in an outer sur- 
face of the tapered portion 136. Thus, the spring mem- 
ber 140 engages the tapered portion 136, thereby 
holding the pipe holding member 132. In addition, the 
spring member 140 draws the tapered portion 136 of 
the pipe holding member 132, into the tapered hole 138 
of the adaptor 100. Thus, the pipe holding member 132 
Is positioned relative to the adaptor 100. The spring 
member 1 40 is fitted in the annular groove 144 such that 
a center of a circular cross section of the spring member 
140 is not aligned with a center of a semi-circular cross 
section of the groove 144, that is. Is positioned slightly 
above the center of the semi-circular cross section. 
Therefore, the spring member 140 engages an upper 
portion of the groove 144, thereby drawing the pipe 
holding member 132 Into the tapered hole 138. The EC 
suction nozzle 90 can be removed from the adaptor 
100, by applying, to the nozzle 90, a force greater than 
a predetermined value, i.e., the nozzle drawing force of 
the spring member 140, in a direction toward a free end 
of the nozzle 90. The adaptors 100 are detachably 
attached to the shaft members 84, and cooperate ^wlth 
the support shafts 84 to provide sixteen nozzle holders 
152. Thus, the IR body 68 supports the sixteen nozzle 
holders 152 to which the sixteen suction nozzles 90. are 
detachably attached. It can be said that the shaft mem- 
bers 84 hold the EC suction nozzles 90 via the adaptors 
100, respectively. Reference numeral 146 designates a 
disc-like light emitting plate which is formed of alumi- 
num and has a high degree of reflectance. An upper 
surface of the plate 146 functions as a light reflecting 
surface 148. A layer formed of a luminescent material Is 
formed on a lower surface 150 of the plate 146 from 
which the suction pipe 134 projects. The luminescent 
layer absorbs an ultraviolet light and emits a visible light 
toward the EC 92. 

[0051] The IR body 68 Is Intermittently rotated at an 
intermittent-rotation angular pitch equal to a spacing 
angular pitch at which the sixteen shaft members 84 are 
equiangularly spaced from one another about the axis 
line of rotation of the IR body 68. When the IR body 68 
is Intermittently rotated, the sixteen nozzle holders 152 
(i.e.. the shaft members 84 and the adaptors 100) are 
revolved about the axis line of rotation of the IR body 68 
and are sequentially stopped at sixteen stop positions. 
One of the sixteen stop positions where one of the 
respective axis lines of the sixteen shaft members 84 
perpendicularly Intersects the horizontal mounting- 
head-convey plane is an EC-suck-and-mount position 
where the EC suction nozzles 90 suck ECs 92 (i.e., 
receives the ECs 92 from the EC feeders 42 of the sup- 
plying device 1 6) and mount the ECs 86 on the PCB 32. 
One of the sixteen stop positions that is angularly dis- 
tant by 90 degrees downstream from the EC-suck-and- 
mount position as seen in the direction of rotation of the 
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IR body 68 is an EC-rmage-take position. An EC-Image 
taking device 160 (Fig. 14) is provided at a position on 
the X-axis slide 54 that corresponds to the EC-image- 
take position. In addition, a reference-mark-lmage tak- 
ing device 162 (Fig. 14) which takes respective images 5 
of a plurality of reference marks affixed to the PCB 32 is 
provided on the X-axis slide 54. 
[0052] In the present embodiment, the mounting- 
head-convey plane along which the X-axIs slide 54. 56 
and the Y-axis slide 58. 60 are moved is horizontal. 10 
Accordingly, one nozzle holder 152 being stopped at the 
EC-suck-and-mount position extends in a vertical direc- 
tion. Since the axis line of rotation of the IR body 68 is 
inclined relative to the vertical line perpendicular to the 
horizontal mounting-head-convey plane, the one nozzle is 
holder 152 being stopped at the EC-suck-and-mount 
position takes the lowest position, while the other nozzle 
holders 152 take upper positions. In the present EC 
mounting apparatus 20, the sixteen nozzle holders 152 
take different height positions because of the Inclination 20 
of the axis line of rotation of the IR body 68. 
[0053] As shown in Fig. 2, an elevating and lower- 
ing device 170 which elevates and lowers each of the 
nozzle holders 152 Is provided at a position on the X- 
axis slide 54 that corresponds to the EC-suck-and- 25 
mount position. The elevating and lowering device 170 
includes a linear motor 1 72 as a drive source. The linear 
motor 172 includes a housing and a movable portion 
174 which projects vertically upward from the housing 
and to which a movable member 176 is fixed. A drive so 
member 178 is fixed to the movable member 176, and 
includes a drive portion 180. 

[0054] When the movable member 176 Is lowered 
by the linear motor 172, the drive member 178 is low- 
ered, so that the drive portion 1 80 Is lowered to engage 35 
the shaft member 84 of the nozzle holder 152 being 
stopped at the EC-suck-and-mount position. Conse- 
quently the nozzle holder 152 Is lowered against the 
biasing force of the compression coil spring 86 (if the 
EC suction nozzle 90 is held by the nozzle holder 152, 40 
the nozzle 90 Is also lowered). When the movable mem- 
ber 176 is elevated and accordingly the drive member 
178 is elevated, the drive portion 180 is also elevated. 
Consequently the shaft member 84 is also elevated to 
follow the drive portion 1 80, owing to the biasing force of 45 
the compression coll spring 86. so that the nozzle 
holder 152 is elevated. Finally, the drive portion 180 Is 
separated from the shaft member 84, and the nozzle 
holder 152 is held at a position where the holder 152 Is 
fully biased upward by the coil spring 86. This position so 
of the nozzle holder 152 Is defined as an upper end 
position of the same 152. The nozzle holder 152 is low- 
ered from Its upper end position to its lower end position 
where the suction nozzle 90 sucks the EC 92 or mounts 
the EC 92 on the PCB 32. The distance of upward or 55 
downward movement of the drive member 178. that Is, 
the nozzle holder 152 can be adjusted by controlling the 
linear motor 172 and thereby adjusting the distance of 



movement of the movable member 176. A mechanical 
portion 184 of the switch-valve control device that 
switches the switch valve 96 in timed relation with the 
upward or downward movement of the drive member 
178, is provided at a position that is on the X-axIs slide 
54 In the vicinity of the EC-suck-and-mount position. 
However, description of the mechanical portion is omit- 
ted. 

[0055] A nozzle rotating device 370 which rotates 
each nozzle holder 152 about its own axis line and 
thereby rotates the EC suction nozzle 90 about its own 
axis line Is provided on the X-axis slide 54. The nozzle 
rotating device 370 corrects an angular-position error of 
the EC 92 held by the nozzle 90, or changes a current 
angular position of the EC 90 to a predetermined angu- 
lar position. A hollow axis member 372 as a rotatable 
member is fitted on the solid axis member 70, such that 
the hollow axis member 372 Is rotatable relative to the 
solid axis member 70. A drive bevel gear 374 as a drive 
wheel is formed in a lower end portion of the axis mem- 
ber 372, and a driven pulley 376 is fixed to an upper end 
portion of the same 372. Rotation of a servomotor 367 
as a drive source is transmitted to the driven pulley 376 
via a drive pulley 380 and a timing belt 382, so that the 
drive bevel gear 374 is rotated by an arbitrary angle in 
each of opposite directions. The servomotor 367 is for 
correcting or changing the angular position of each EC 
suction nozzle 90 or the EC 92 held by the same 90. A 
driven bevel gear 384 as a driven wheel is fixed to each 
of the sixteen sleeve members 83 which are fitted in the 
sixteen support holes 74, and is meshed with the drive 
bevel gear 374. When the drive bevel gear 374 is 
rotated, the sixteen driven bevel gears 384 are rotated 
and the corresponding sleeve members 83 are also 
rotated. The rotation of each sleeve member 83 is trans- 
mitted to the corresponding shaft member 84 via an 
annular friction member 386, so that the suction nozzle 
90 held by the nozzle holder 1 52 Is rotated about its own 
axis line. The hollow axis member 372. the servomotor 
378, the drive bevel gear 374, the driven bevel gears 
384. etc. cooperate with one another to provide the noz- 
zle rotating device 370. 

[0056] As shown in Fig. 4. a nozzle-exchange sen- 
sor 390 and a nozzle-presence sensor 392 are provided 
on a portion of the X-axis slide 54 that corresponds to 
the EC-suck-and-mount position. In addition, a nozzle- 
hold sensor 394 (Fig. 14) is provided on a portion of the 
X-axis slide 54 that corresponds to an upstream one of 
the sixteen stop positions of the sixteen nozzle holders 
152 that Is adjacent to the EC-suck-and-mount position 
as seen in a rotation direction in which the IR body 68 is 
rotated to move each nozzle holder 152 to the EC-suck- 
and-mount position. The upstream position will be 
referred to as the "nozzle-hold-inspect position". Moreo- 
ver, as shown in Fig. 5, a nozzle-defect sensor 396 is 
provided on a portion of the X-axis slide 54 that corre- 
sponds to the fourth stop position that Is upstream of the 
EC-suck-and-mount position as seen In the rotation 
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direction, i.e., angularly distant by 90 degrees from the 
EC-suck-and-mount position as seen in a direction par- 
allel to the axis line of rotation of the IR body 68. The 
fourth stop position will be referred to as the "nozzle- 
defect-inspeot position". 5 
[0057] The nozzle-exchange sensor 390 is pro- 
vided by a reflection-type photoelectric sensor including 
a light emitting portion and a light receiving portion. The 
sensor 390 is attached to the X-axis slide 54 via a 
bracket 398 (Fig. 5), and Identifies whether one nozzle io 
holder 152 being stopped at the EC-suck-and-mount 
position currently holds an EC suction nozzle 90. The 
light emitting and receiving portions of the sensor 390 
are provided, inside the locus of revolution of each noz- 
zle holder 1 52 about the axis line of the IR body 68, at a is 
position where the light emitting and receiving portions 
are opposed to the tight emitting plate 146 of the suction 
nozzle 90 held by the one nozzle holder 152 that is 
stopped at the EC-suck-and-mount position and is held 
at its upper end position. Therefore, if the one nozzle 20 
holder 152 currently holds a suction nozzle 90, the light 
emitted from the light emitting portion is reflected by the 
light emitting plate 1 46 and is incident to the light receiv- 
ing portion. On the other hand, if the one nozzle holder 
1 52 does not currently hold a suction nozzle 90, the light 25 
emitted from the light emitting portion is not reflected by 
the light emitting plate 146 and is not Incident to the light 
receiving portion. Thus, whether the one nozzle holder 
152 currently holds an EC suction nozzle 90 can be 
Identified by judging whether the amount of light 30 
received by the light receiving portion is more than a ref- 
erence value. The nozzle-exchange sensor 390 is used 
for judging whether two suction nozzles 90 have been 
exchanged with each other on each nozzle holder 162, 
as will be described later. 35 
[0058] The nozzle-presence sensor 392 is provided 
by a reflection-type photoelectric sensor including a 
light emitting portion 400 and a light receiving portion 
402. The light emitting portion 400 is attached to the X- 
axis slide 54 via the bracket 398, and is provided inside 40 
the locus of revolution of each nozzle holder 152. The 
light receiving portion 402 Is attached to the X-axis slide 
54 via a bracket (not shown), and Is provided outside 
the locus of revolution of each nozzle holder 152. The 
function of the sensor 392 will be described below. 45 
[0059] The nozzle-hold sensor 394 Is provided by a 
reflection-type photoelectric sensor including a light 
emitting portion and a light receiving portion. The light 
emitting and receiving portions of the sensor 394 are 
provided, inside the locus of revolution of each nozzle 50 
holder 152, at a position where the light emitting and 
receiving portions are opposed to the light emitting plate 
146 of the suction nozzle 90 held by the one nozzle 
holder 152 that Is stopped at the nozzle-hold-inspect 
position and is held at its upper end position. Therefore, 55 
if the one nozzle holder 152 currently holds a suction 
nozzle 90, the light emitted from the light emitting por- 
tion is reflected by the light emitting plate 146 and is 



incident to the light receiving portion. On the other hand, 
if the one nozzle holder 152 does not currently hold a 
suction nozzle 90, the light emitted from the light emit- 
ting portion is not reflected by the light emitting plate 
146 and is not Incident to the light receiving portion. 
Thus, whether the one nozzle holder 152 currently 
holds an EC suction nozzle 90 can be identified by judg- 
ing whether the amount of light received by the light 
receiving portion is more than a reference (threshold) 
value. That the amount of light received by the light 
receiving portion Is not more than the reference value, 
means, for example, that a suction nozzle 90 has come 
off the one nozzle holder 152, or that the one nozzle 
holder 152 holds a suction nozzle 90 but cannot be 
moved to its upper end position. In either case, It means 
that a certain abnormality has occurred to the one noz- 
zle holder 152. Thus, the nozzle-hold sensor 394 pro- 
vides a suction-nozzle detecting device, or a nozzle- 
holder-abnormality detecting device. 
[0060] As shown in Fig. 5, the nozzle-defect sensor 
396 is provided by a reflection-type photoelectric sensor 
including a light emitting portion 406 and a light receiv- 
ing portion 408. Each of the light emitting portion 406 
and the light receiving portion 408 is provided by a plu- 
rality of optical fibers. The light emitting portion 406 is 
connected to a light source (not shown), and the light 
receiving portion 408 is connected to a light receiving 
element (not shown). The light receiving element gener- 
ates an electric signal having a magnitude correspond- 
ing to the number of the optical fibers of the light 
receiving portion 408 that receive the light emitted from 
the light emitting portion 406. The light receiving ele- 
ment is connected to a control device 330 (Fig. 14). 
Respective free ends of the optical fibers of each of the 
light emitting portion 406 and the light receiving portion 
408 cooperate with one another are arranged like a belt. 
Thus, the light emitting portion 406 emits a belt-like 
light. In the present embodiment, the width of the belt- 
like light is slightly smaller than the smallest one of dif- 
ferent diameters of respective suction pipes 134 of dif- 
ferent sorts of suction nozzles 90 that are designed to 
be used in each of the EC mounting apparatuses 20, 
22. The light emitting portion 406 and the light receiving 
portion 408 are attached to the X-axis slide 54 via a 
bracket 410. The light emitting portion 406 is provided 
inside the locus of revolution of each nozzle holder 152, 
and the light receiving portion 408 is provided outside 
the locus, such that an optical axis of the light emitting 
and receiving portions 406, 408 is perpendicular to the 
axis line of the suction pipe 134 of the one nozzle holder 
152 being stopped at the nozzle-defect-inspect position. 
In Fig. 5, the nozzle-exchange sensor 390 and the noz- 
zle-defect sensor 396 are not shown at their correct 
angular positions, for easier understanding purposes 
only, and the nozzle-presence sensor 392 is omitted. In 
addition, in Fig. 2. only two nozzle holders 152 and two 
suction nozzles 90 are shown as representatives of the 
sixteen holders 152 and the sixteen nozzles 90. 
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[0061] As shown in Fig. 1, a first suction-nozzle 
storing device 190 Is provided between the first main 
conveyor 24 of the PCB conveyor 14 and the first EC 
supplying device 16, and a second suction-nozzle stor- 
ing device 192 is provided between the second main 5 
conveyor 26 of the PCB conveyor 1 4 and the second EC 
supplying device 18. Since the two suction-nozzle stor- 
ing devices 190, 192 have the same construction, the 
storing device 190 will be described as a representative 
of the two devices 1 90, 1 92. ,^ 
[0062] As shown in Fig. 6, the suction-nozzle stor- 
ing device 190 includes a nozzle storing plate 194 as a 
nozzle storing member, and a storing-plate holding 
device 196 as a storing-member holding device. The 
storing-plate holding device 196 Includes a plate-like, is 
storing-plate supporting member 204 as a storing- 
member supporting member whose lengthwise direc- 
tion is parallel to the X-axis direction, i.e., the PCB-con- 
vey direction. The storing-member holding device 196 
Includes a frame 198 fixed to the base 12 that is not 20 
shown in Fig. 6. A pressurized-air-operated cylinder 
device (hereinafter referred to as the "air cylinder") 200 
as a pressurized-fluid-operated cylinder device as a sort 
of pressurlzed-fluld-operated actuator as a drive source 
Is fixed to the frame 1 98 such that the air cylinder 200 Is 25 
oriented upward. As shown in Figs. 6 and 7, the storing- 
member supporting member 204 is fixed to an upper 
end of a piston rod 202 of the air cylinder 200. such that 
the supporting member 204 extends horizontally. An 
upper surface of the supporting member 204 defines a 30 
storing-plate supporting surface 206 as a storing-mem- 
ber supporting surface. Two guide rods 208 as guided 
members that are fixed to a lower surface of the sup- 
porting member 204 are fitted in two guide cylinders 
21 0 as guide members that are fixed to the frame 198, 35 
such that the guide rods 208 are movable up and down! 
Respective lower end portions of the two guide rods 208 
that project downward from the guide cylinders 210 are 
connected, to each other by a connecting member 212. 
When a solenoid-operated direction control valve 213 40 
(Fig. 1 4) is switched, two air chambers of the air cylinder 
200 which are currently communicated with the atmos- 
phere and a pressurized-air supplying source, respec- 
tively, are communicated with the pressurized-aIr 
supplying source and the atmosphere, respectively, so 4S 
that the piston rod 202 is moved up or down. Conse- 
quently the storing-member supporting member 204 is 
moved up or down between its upper end position and 
Its lower end position, while keeping its horizontal pos- 
ture and being guided by the guide rods 208 and the so 
guide cylinders 210. The air cylinder 200 provides a 
storing-plate elevating and lowering device as a storing- 
member elevating and lowering device as a sort of stor- 
ing-member moving device. 

[0063] The nozzle storing plate 194 is detachably 55 
attached to the storing-plate supporting member 204, 
without using any tools, and is moved up and down with 
the storing-plate supporting member 204. As shown In 



Figs. 6 and 8, the nozzle storing plate 194 has a gener- 
ally rectangular plate-like shape, and has a plurality of 
stepped, nozzle storing holes 250 as nozzle storing 
recessed portions that are formed in a plane parallel to 
the plane of the plate 194. The nozzle storing holes 250 
are formed through the thickness of the plate 194. As 
shown In Figs. 8 and 9, each of the nozzle storing holes 
250 Includes a small-diameter portion 254 which opens 
In a supported surface 252 of the storing plate 1 94 that 
is supported on the storing-plate supporting member 
204; and a large-diameter portion 256 which opens in 
an opposite surface of the storing plate 1 94 that is oppo- 
site to the supported surface 252. The holes 250 are 
formed at a regular Interval in each of a widthwise and a 
lengthwise direction of the storing plate 194. The large- 
diameter portion 256 of each nozzle storing hole 250 
has a depth greater than the thickness of the light emit- 
ting plate 146 of each EC suction nozzle 90, and the 
small-diameter portion 254 thereof has a depth greater 
than the length of the suction pipe 134 of each EC suc- 
tion nozzle 90. The nozzle storing plate 1 94 Is colored in 
black to lower Its degree of reflectance. 
[0064] As shown In Fig. 12, an EC suction nozzle 
90 Is fitable in each of the nozzle storing holes 250. In 
Fig. 12, only two nozzles 90 are shown as representa- 
tives of all the nozzles 90. In Figs. 10 and 1 1, the noz- 
zles 90 are not shown. Each of the nozzles 90 is fitted in 
one nozzle storing hole 250 such that the suction pipe 
134 is fitted In the small-diameter portion 254, the light 
emitting plate 146 Is fitted in the large-diameter portion 
256 and supported on a bottom wall of the same portion 
256, and the tapered portion 136 of the pipe holding 
member 132 projects upward from the nozzle storing 
plate 194. Each nozzle storing hole 250 accommodates 
a portion of each suction nozzle 90 that is located 
between the light reflecting surface 148 and the free 
end of the suction pipe 1 34, such that the axis line of the 
suction nozzle 90 is perpendicular to the nozzle storing 
plate 1 94. The nozzle storing device 1 90 stores a plural- 
ity of suction nozzles 90 such that each of the nozzles 
90 can be Individually taken out therefrom. 
[0065] In the present embodiment, the EC mount- 
ing apparatuses 20, 22 can be used in a manner In 
which each of the mounting heads 50. 62 employs a 
plurality of suction nozzles 90 ail of which is of a same 
sort, or in a manner in which each of the mounting 
heads 50, 52 employs a plurality of suction nozzles 90 
all or some of which are of different sorts. Respective 
light emitting plates 146 of the different sorts of suction 
nozzles 90 have the same diameter, but respective suc- 
tion pipes 134 of the same 90 have different diameters. 
An appropriate one of the different sorts of nozzles 90, 
that is, an appropriate one of the different sorts of suc- 
tion pipes 134 is selected and used depending upon the 
shape and dimensions of ECs 92 to be sucked and 
mounted. In the case where each of the mounting 
heads 50, 52 employs different sorts of suction nozzles 
90, the nozzle storing plate 194 stores the different 
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sorts of nozzles 90, such that the number of nozzles 90 
of each sort is proportional to the frequency of use of 
the each sort of nozzles 90 and such that the nozzles 90 
of each sort are located adjacent to each other. The 
diameter of the respective small-diameter portions 254 5 
of the nozzle storing holes 250 is so predetermined that 
the suction pipe 134 having the largest diameter can be 
fitted In each portion 254. The diameter of the respec- 
tive large-diameter portions 254 of the nozzle storing 
holes 250 is so predetermined as to be slightly larger 10 
than that of the light emitting plates 146 of the nozzles 
90. The respective tapered portions 136 of the different 
sorts of nozzles 90 have the same dimensions. 
[0066] As shown in Fig. 7, the nozzle storing plate 
1 94 placed on the storing-plate supporting member 204 is 
has four notches 262 two of which are engaged with 
respective intermediate portions 222 of two headed 
pins 218 which project upward from the supporting 
member 204. Thus, the storing plate 194 is prevented 
from being translated in a direction parallel to the sup- 20 
ported surface 252, and from being rotated about an 
axis line perpendicular to the same 252. In addition, as 
shown in Fig. 7, respective head portions 224 of the 
pins 218 are engaged with respective engage surfaces 
264 of the recesses 262, so that the nozzle storing plate 25 
194 is prevented from moving up away from the sup- 
porting member 204. As shown in Fig. 7, a fastening 
device 230 is provided on the supporting member 204. 
The fastening device 230 includes an engaging member 
240 which is engaged with an engaging portion 272 of 30 
an engaging member 268 fixed to the nozzle storing 
plate 194, and a compression coil spring 242 which 
biases the engaging member 240 in a direction in which 
the storing plate 1 94 is attached to the supporting mem- 
ber 204. An operator can manually unfasten the fasten- as 
ing device 230 and detach the storing plate 1 94 from the 
supporting member 204. A plurality of suction nozzles 
90 stored by one nozzle storing plate 194 can be simul- 
taneously exchanged with a plurality of suction nozzles 
90 stored by another nozzle storing plate 194, - by 40 
exchanging the one plate 194 with the another plate 
194. Since the exchange of nozzle storing plates 194 is 
not relevant to the present Invention, no further descrip- 
tion thereof is provided. 

[0067] As shown In Figs. 1 0. 1 1 , and 1 2, the nozzle 4S 
storing plate 194 Is provided with a thin, nozzle-removal 
inhibiting plate 280 which covers the nozzle storing 
holes 250 and which is movable along a plane parallel 
to the plane of the storing plate 194. The inhibiting plate 
280 has four openings 282 which are formed through so 
the thickness thereof and which extend parallel to one 
another In a lengthwise direction thereof. Each of the 
four openings 282 includes a plurality of circular holes 
284 and a plurality of connection holes 286 each of 
which connects Its adjacent two circular holes 284 to ss 
each other. The circular holes 284 have a diameter 
slightly larger than that of the large-diameter portions 
256 of the nozzle storing holes 250. The circular holes 



284 are formed. In the lengthwise direction of the plate 
280, at a regular Interval equal to that at which the stor- 
ing holes 250 are formed in the lengthwise direction of 
the storing plate 194. The connection holes 286 have a 
width which is larger than the largest diameter of the 
tapered portions 136 of the suction nozzles 90 and Is 
smaller than the diameter of the light emitting plates 
146. The width of the holes 286 is defined as a dimen- 
sion in the widthwise direction of the plate 280. Each of 
the connection holes 286 is defined by a pair of projec- 
tions which provide a pair of nozzle-removal preventing 
portions 288 of the plate 280. The two nozzle-removal 
preventing portions 288 of each pair are distant from, 
and opposed to, each other in the Y-axis direction, i.e., 
in the widthwise direction of the plate 280, i.e., In the 
widthwise direction of the storing-plate supporting 
member 204. The four openings 282 are formed at a 
regular interval equal to that at which the nozzle storing 
holes 250 are formed in the widthwise direction of the 
storing plate 194. 

[0068] As shown in Figs. 10, 1 1, and 13, a plurality 
of pins 292 project from the nozzle storing plate 194. 
Those pins 292 provide engaging projections. The noz- 
zle-removal inhibiting plate 280 has a plurality of elon- 
gate holes 294 as engaging recesses that are parallel to 
the lengthwise direction of the plate 280. The pins 292 
are fitted in the elongate holes 294, respectively, such 
that the plate 280 is movable relative to the storing plate 
194. Reference numeral 296 designates a washer, in 
Fig. 13. The pins 292 fitted in the elongate holes 294 
guide the movement of the plate 280 relative to the stor- 
ing plate 194, and inhibit the plate 280 from being 
rotated about an axis line perpendicular to the sup- 
ported surface 252. The pins 292 and the elongate 
holes 294 cooperate with each other to provide not only 
a guiding device but also a rotation inhibiting device. 
[0069] As shown in Figs. 11 and 12, a tension coil 
spring 300 as a spring member as an elastic member as 
a sort of biasing device or member is provided between 
the nozzle storing plate 194 and the nozzle-removal 
inhibiting plate 280, such that the coil spring 300 con- 
nects the two plates 1 94, 280 to each other. The limit of 
movement of the plate 280 owing to the biasing force of 
the coil spring 300 is defined by butting of the elongate 
holes 294 against the pins 292. Thus, the pins 292 func- 
tion as stoppers. In the state in which respective 
upstream-side ends of the elongate holes 294 as seen 
in the direction of movement of the plate 280 relative to 
the storing plate 194 are held in butting contact with the 
corresponding pins 292 because of the biasing force of 
the coil spring 300, as shown in Fig. 1 0, the pairs of noz- 
zle-removal inhibiting portions 288 of the plate 280 are 
positioned right above the nozzle storing holes 250, 
respectively, and are engaged with the reflecting sur- 
faces 148 of the light emitting plates 146 of the suction 
nozzles 90, so as to inhibit the nozzles 90 from being 
removed from the nozzle storing plate 194. This state 
corresponds to an operative position of the plate 280. In 
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the present embodiment, the reflecting surfaces 148 of 
the light emitting plates 146 of the suction nozzles 90 
provide respective shoulder surfaces facing toward the 
side of the tapered portions 136. 

[0070] As shown in Figs. 1 0. 11 . and 1 2, the nozzle- 5 
removal inhibiting plate 280 includes a projecting por- 
tion 306 which projects from an upstream-side end of 
the plate 280 as seen in the direction of movement of 
the plate 280 because of the biasing force of the tension 
coil spring 300. A free end portion of the projecting por- io 
tion 306 provides an engaging portion 308 which 
projects toward the nozzle storing plate 194. 
[0071] As shown In Fig. 6, an air cylinder 312 as a 
pressurized-fluid-operated cylinder device as a sort of 
pressurized-fluid-operated actuator as a drive source is is 
fixed to the storing-plate supporting member 204. An 
engaging member 316 having a recess 318 is fixed to a 
piston rod 314 of the air cylinder 312. The engaging por- 
tion 308 of the nozzle-removal inhibiting plate 280 is fit- 
ted In the recess 318 such that the engaging portion 20 
308 is movable relative to the recess 318. Thus, the 
recess 318 Is a sort of engaging portion. As shown In 
Figs. 6 and 10, the recess 318 is formed through the 
thickness of the engaging member 316 in a direction 
which is perpendicular to the direction of advancing and 25 
retracting movement of the piston rod 31 4 and is parallel 
to the direction in which the storing plate 194 is attached 
to the supporting member 204 (i.e., in the widthwise 
direction of the supporting member 204). As shown in 
Fig. 10, two pairs of opposed surfaces each pair of 30 
which define a conresponding one of lengthwise oppo- 
site end portions of the recess 318 are so inclined that 
the width of the each end portion of the recess 318 
increases in a direction toward a corresponding one of 
opposite side surfaces of the engaging member 316. 3s 
The two pairs of opposed surfaces provide two pairs of 
guide surfaces 320. 

[0072] The air cylinder 312 is attached to the stor- 
ing-plate supporting member 204 at a position which 
assures that the engaging portion 308 and the recess 40 
318 are engaged with each other In the state In which 
the nozzle-removal Inhibiting plate 280 Is held at its 
operative position and the piston rod 314 is held at its 
retracted position. However, since the two pairs of guide 
surfaces 320 are formed in the lengthwise opposite end 45 
portions of the recess 318, respectively, the engaging 
portion 308 can be engaged with the recess 318 by 
being guided by the guide surfaces 320, even though 
the engaging portion 308 may not be accurately aligned 
with the recess 318 in the lengthwise direction of the so 
plate 280, i.e., in the direction of movement of the plate 
280 relative to the storing plate 1 94. The air cylinder 31 2 
is attached to the supporting member 204, with a bias 
toward a misalignment of the recess 318 relative to the 
engaging portion 308 in a direction opposite to a direc- ss 
tion toward the supporting member 204, i.e., opposite to 
a biasing direction of the tension coll spring 300. 
[0073] When a solenoid-operated direction control 



valve 322 (Fig. 14) is switched, two air chambers of the 
air cylinder 312 are communicated with the atmosphere 
and the pressurlzed-air supply source, respectively, so 
that the piston rod 314 is advanced or retracted and the 
engaging member 316 is moved. Consequently the 
nozzle-removai inhibiting plate 280 is moved, In a direc- 
tion parallel to the PCB-convey direction, between its 
operative position, shown in Fig. 10, where the inhibiting 
portions 288 engage the light emitting plates 146 of the 
suction nozzles 90 fitted in the nozzle storing holes 250, 
and its inoperative position, shown In Fig. 11, where the 
circular holes 284 of the openings 282 are substantially 
aligned with the nozzle storing holes 250. The nozzle- 
removal inhibiting plate 280 is moved by the air cylinder 
312 to Its inoperative position against the biasing force 
of the tension coil spring 300. In the state in which the 
Inhibiting plate 280 is held at its inoperative position, the 
inhibiting portions 288 allow each of the suction nozzles 
90 to be stored in, and removed from, the nozzle storing 
device 190 in directions parallel to the axis line of the 
each nozzle 90. This state can be said as a permitting 
state. On the other hand, In the state in which the inhib- 
iting plate 280 is held at its operative position, the inhib- 
iting portions 288 engage the reflecting surfaces 148, 
thereby inhibiting the suction nozzles 90 from being 
removed from the nozzle storing holes 250. The latter 
state can be said as an inhibiting state. In the present 
embodiment, the circular holes 284 provide a plurality of 
through-holes which correspond to the nozzle storing 
holes 250, respectively, and each of which permits the 
portion of the corresponding suction nozzle 90 between 
its free end and its reflecting surface 148 to be passed 
therethrough in its axial direction. The nozzle-removal 
inhibiting plate 280 provides a nozzle-removal inhibiting 
member; and the air cylinder 312 provides a nozzle- 
removal-inhlbitlng-member moving device, which coop- 
erates with the plate 280 to provide a permitting and 
inhibiting device. 

[0074] When the nozzle storing plate 194 is 
removed from the storing-plate supporting member 
204, the compression coll spring 300 biases the nozzle- 
removal inhibiting plate 280 toward its operative posi- 
tion, thereby keeping the plate 280 in the state in which 
the plate 280 inhibits the removal of the suction nozzles 
90 from the nozzle storing plate 194. The engaging 
member 316 Is provided with a pair of guide members 
which are fitted in a pair of guide bushings, respectively, 
with which the air cylinder 312 is provided. The pair of 
guide members and the pair of guide bushings cooper- 
ate with each other to guide the movement of the 
engaging member 316 relative to the air cylinder 312 
and inhibit the rotation of the member 316. 
[0075] The nozzle-presence sensor 392 provided at 
a position on the X-axis slide 54 that corresponds to the 
EC-suck-and-mount position, Identifies whether an EC 
suction nozzle 90 is stored in each of the nozzle storing 
holes 250 of the nozzle storing plate 194. When one 
nozzle holder 152 being stopped at the EC-suck-and- 
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mount position is moved, for exchanging the current 
nozzle 90 with another nozzle 90, to a position above an 
appropriate one of the nozzle storing holes 250 of the 
nozzle storing plate 194, the nozzle storing plate 194 
and the storing-plate supporting member 204 are held 5 
at their lower end positions. If the one nozzle storing 
hole 250 is holding one suction nozzle 90, the light emit- 
ting portion 400 of the nozzle-presence sensor 392 
emits a light toward a portion of the reflecting surface 
148 of the light emitting plate 146 of the one nozzle 90 10 
that is not covered with the pair of nozzle-removal inhib- 
iting portions 288 of the plate 280 being positioned at Its 
operative position, and the light receiving portion 402 
receives the light reflected from that portion of the 
reflecting surface 148. The one nozzle 90 held by the 15 
nozzle holder 152 being positioned at the EC-suck-and- 
mount position does not interrupt the light emitted from 
the light emitting portion 400 toward the reflecting sur- 
face 148, or the light reflected from the reflecting sur- 
face 1 48 toward the light receiving portion 402. 20 
[0076] If the one nozzle storing hole 250 holds one 
EC suction nozzle 90 stored therein, the light emitted 
from the light emitter 400 is reflected by the reflecting 
surface 148, and then is received by the light receiver 
402. Accordingly, the amount of light received by the 2S 
light receiver 402 exceeds a predetermined threshold 
value. Thus, the control device 330 (Fig. 14) recognizes 
that the one nozzle storing hole 250 holds one EC suc- 
tion nozzle 90. However, if not, the light emitted from the 
light emitter 400 is incident to the large-diameter portion 30 
256 of the one nozzle storing hole 250. Since the nozzle 
storing plate 194 is colored in black, the amount of light 
reflected from the portion 256 is small and the amount 
of light received by the light receiver 402 cannot exceed 
the threshold value. Thus, the control device 330 recog- 3S 
nizes that the one nozzle storing hole 250 stores no EC 
suction nozzle 90, i.e. is empty. 

[0077] In the present EC mounting system 10, the 
two EC supplying devices 16, 1 8 and the two EC mount- 
ing apparatuses 20. 22 are constructed such that the 40 
two devices 16, 18, or the two apparatuses 20, 22, are 
symmetric with each other with respect to the center 
line of the PCB conveyor 14 that is parallel to the PCB- 
convey direction. That is, the two devices 16, 18, or the 
two apparatuses 20, 22 are oriented to the same direc- 45 
tion parallel to the PCB-convey direction. This is true 
with the two suction-nozzle storing devices 190, 192. 
That is, the device 192 Is symmetric with the above- 
described device 190. 

[0078] The present EC mounting system 10 Is con- so 
trolled by the control device 330 shown in Fig. 14. The 
control device 330 is essentially constituted by a com- 
puter 340 including a processing unit (PU) 332, a read 
only memory (ROM) 334, a random access memory 
(RAM) 336, and a bus 338 which connects the elements 55 
332, 334, 336 to one another. An input interface 342 is 
connected to the bus 338, and the two EC-image taking 
devices 160, the two reference-mark-image taking 



devices 162, and the various nozzle sensors 390, 392, 
394, 396 (or the respective light receivers thereof) are 
connected to the input interface 342. The bus 338 is 
connected to an output interface 346 which in turn is 
connected via respective drive circuits 345, 347, 348, 
350, 352, 354, 356, 357 to the two Y-axis servomotors 
65, the two X-axis servomotors 66, the two IR rotating 
servomotors 76, the two linear servomotors 172, the 
two solenoid valves 213, the two solenoid valves 322, 
an alarming device 358, and the two nozzle rotating ser- 
vomotors 378. The drive circuits 345, 347, 348, 350, 
352, 354, 356, 357 cooperate with the computer 340 to 
provide the control device 330. The alarming device 358 
informs the operator of the occurrence of an abnormal- 
ity. Each of the above-described servomotors 65, 66, 
76, 378 is an electric rotary motor as a sort of electric 
motor as a drive source and is accurately controllable 
with respect to its rotation angle and speed. Each of the 
linear motors 172 is a servomotor that is a sort of elec- 
tric motor as a drive source and is accurately controlla- 
ble with respect to its moving distance and speed. All 
those servomotors may be replaced with stepper 
motors. The control device 330 additionally controls the 
above-described carry-in-conveyor shifting device, the 
carry-out-conveyor shifting device, the two main con- 
veyors 24, 26, the carry-in conveyor 28, the carry-put 
conveyor 30, the respective tape feeding devices of the 
EC feeders 42, etc., though not shown in Fig. 14. the 
ROM 334 stores an EC mounting program used for con- 
trolling the EC mounting apparatuses 20. 22 to mount 
ECs 92 on a PCB 32, a nozzle-defect detecting program 
represented by the flow chart of Fig. 1 5, and other con- 
trol programs. 

[0079] Hereinafter, there will be described the oper- 
ation of the EC mounting system 10 constructed as 
described above. 

[0080] The two EC mounting apparatuses 20, 22 
alternately mount, under the control in accordance with 
the nozzle-defect detecting routine stored in the ROM 
334, the ECs 92 on the PCB 32 positioned by either one 
of the two main conveyors 24, 26. That is, the two appa- 
ratuses 20. 22 cooperate with each other to mount, on 
each single PCB 32, all the ECs 92 that are designed to 
be mounted on that PCB 32 by the present EC mount- 
ing system 10. While the ECs 92 are mounted on one 
PCB 32 positioned and supported by one of the two 
main conveyors 24, 26, another or second PCB 32 is 
carried out from the other main conveyor and a third 
PCB 32 is carried in onto the other main conveyor and 
is positioned and supported by the same. The third PCB 
32 waits on the other main conveyor, for ECs 92 to be 
mounted thereon. After all the ECs 86 have been 
mounted on the first PCB 32 supported on the one main 
conveyor, the first PCB 32 is carried out from the one 
main conveyor and the apparatuses 20, 22 start mount- 
ing ECs 92 on the third PCB 32 waiting on the other 
main conveyor. 

[0081] The two EC mounting apparatuses 20. 22 
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mount ECs 92 on one or more PCBs 32 in various man- 
ners. For example, In the case where the two EC sup- 
plying devices 16, 18 are ones which are exclusively 
used for mounting ECs 92 on a single sort of PCBs 32 
and which include same sorts of EC feeders 42, and the 
two mounting heads 50, 52 carry the greatest possible 
number of suction nozzles 90 (i.e., sixteen suction noz- 
zles 90 in the present embodiment), the two EC mount- 
ing apparatuses 20, 22 may cooperate with each other 
to mount, while using all the EC feeders 42 of the EC 
supplying devices 16, 18. a plurality of ECs 92 on each 
of a predetermined number of PCBs 32 of a single sort, 
in a corresponding one of a series of EC mounting oper- 
ations. In this case, the ROM 334 stores an EC-mount 
control program according to which the EC mounting 
system 10 mounts the ECs 92 on the PCBs 32. 
[0082] The first EC mounting apparatus 20 always 
takes ECs 92 from the first EC supplying device 16, and 
the second apparatus 22 always takes ECs 92 from the 
second device 18, but the first apparatus 20 does not 
take any ECs 92 from the second device 18 and the 
second apparatus 22 does not take any ECs 92 from 
the first device 18. The EC taking and mounting opera- 
tions carried out by the first apparatus 20 will be 
described below as a representative of those earned out 
by the two apparatuses 20, 22. 
[0083] When ECs 92 are taken from the first EC 
supplying device 16, the IR (intermittent-rotation) body 
68 is intermittently rotated, so that the sixteen nozzle 
holders 152 and the sixteen suction nozzles 90 are 
sequentially positioned at the EC-suck-and-mount posi- 
tion, while the IR body 68 Is moved by the X-Y robot 62 
to a position right above the EC-supply portion of an 
appropriate one of the EC feeders 42. When each noz- 
zle holder 152 reaches the EC-suck-and-mount posi- 
tion, the each holder 152 is positioned right below the 
drive portion 180 and. in this state, the linear motor 172 
is started to lower the movable member 176 and the 
drive member 178, thereby lowering the drive portion 
180 and accordingly lowering the each nozzle holder 
152 and the corresponding suction nozzle 90. After the 
pressure switch valve 96 is switched to its vacuum-sup- 
ply position and the suction nozzle 90 contacts an EC 
92 and sucks the EC 92 by applying vacuum (i.e., neg- 
ative pressure) thereto, the movable member 176 and 
the drive member 178 are moved up so that the each 
nozzle holder 152 is moved up against the biasing force 
of the compression coil spring 86. Thus, the suction 
nozzle 90 takes the EC 92 from the one EC feeder 42. 
[0084] After each of the sixteen EC suction nozzles 
90 takes an EC 92 at the EC-suck-and-mount position, 
the each nozzle 90 reaches the EC-image-take position 
where the EC-image taking device 160 takes an image 
of the EC 92 held by the each nozzle 90. Thus, the con- 
trol device 330 calculates, based on image data repre- 
senting the taken image of the EC 92, X-axis-direction 
and Y-axis-direction position errors and rotation-position 
error of the EC 92 held by the nozzle 90. An ultravlolet- 



ray emitting device (not shown) is provided at the EC- 
image-take position, and emits ultraviolet rays toward 
the light emitting plate 146 of the nozzle 90. The emit- 
ting plate 146 absorbs the ultraviolet rays and emits a 
5 visible light toward the EC 92 held by the suction pipe 
1 34. After all of the sixteen suction nozzles 90 suck and 
hold respective ECs 92, the EC mounting head 50 is 
moved by the X-Y robot 62 to above the PCB 32 and 
mounts the ECs 92 on the PCB 32. Each of the sixteen 
10 nozzle holders 152 is positioned at the EC-suck-and- 
mount position by the rotation of the IR body 68, and is 
moved by the X-Y robot 62 to a position right above an 
EC-mount place on the PCB 32. 
[0085] During the above-described movement of 
IS each nozzle holder 152, the shaft member 84 of the 
each holder 152 is rotated about Its own axis line by the 
nozzle rotating device 370. so that the suction nozzle 90 
candied by the each holder 152 is also rotated about Its 
own axis line to correct the above-Indicated rotation- 
20 position (i.e., angular) error of the EC 92 held by the 
nozzle 90. In addition, the current rotation position of the 
EC 92 held by the nozzle 90 may be changed to a pre- 
scribed rotation position. Before the ECs 92 are 
mounted on the PCB 32, the reference-mark-image tak- 
25 ing device 1 62 takes respective images of the reference 
marks affixed to the PCB 32, and the control device 330 
calculates, based on the taken images, respective X- 
axis-direction and Y-axis-direction position errors of 
each of prescribed EC-mount places on the PCB 32. 
30 The respective distances of movement of the shaft 
member 84 of the each nozzle holder 152 in the X-axis 
and Y-axis directions are modified to correct the respec- 
tive X-axIs-direction and Y-axis-direction position errors 
of a corresponding one of the prescribed EC-mount 
35 places on the PCB 32, and the respective X-axis-direc- 
tion and Y-axis-direction position errors of the center of 
the EC 92 held by the shaft member 84. Those position 
errors of the center of the EC 92 are respective sums of 
respective X-axis-direction and Y-axis-direction position 
40 errors of the center of the EC 92 which are produced 
when the nozzle 90 held by the each nozzle holder 152 
sucks the EC 92, respective X-axis-direction and Y-axis- 
direction position changes of the center of the EC 92 
which are produced when the rotation-position error of 
45 the EC 92 is corrected by the rotation thereof, and 
respective X-axis-direction and Y-axis-direction position 
changes of the center of the EC 92 which are produced 
when the current rotation position of the EC 92 is 
changed to the prescribed rotation position by the rota- 
50 tion thereof. After the above-described movement of 
each nozzle holder 152, the each holder 152 is lowered 
by the elevating and lowering device 170, so that the EC 
92 is placed on the PCB 32. Subsequently, the pressure 
switch valve 96 is switched to its EC-release position 
55 and the suction nozzle 90 Is communicated with the 
atmosphere, so that the vacuum is cut from the nozzle 
90. Thus, the EC 92 is released. After the EC 92 is 
mounted on the PCB 32, the nozzle holder 152 Is ele- 
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vated. The intermittent rotation of the IR body 68 and 
the movement of the mounting head 50 are repeated so 
that all the ECs 92 held by the head 50 are mounted on 
the PCB 32. Then, the head 50 is moved to the EC sup- 
plying device 16 to take additional ECs 92 from the 5 
device 16. 

[0086] Irrespective of whether the EC suction noz- 
zles 90 are receiving or mounting the ECs 90, the con- 
trol device 33 inspects, based on the signal or output 
value produced by the nozzle-hold sensor 394, whether 10 
one nozzle holder 152 being positioned at the nozzle- 
hold-inspect position holds one suction nozzle 90. If the 
amount of light received by the light receiver of the noz- 
zle-hold sensor 394 is not greater than a threshold 
value, the control device 330 judges that the one holder is 
90 does not hold the one nozzle 90 and estimates that 
the one nozzle 90 may have come off the one holder 
152 or an abnormality has occurred to the one holder 
152. In this case, the control device 330 operates the 
alarm device 358 to Inform the operator of the occur- 20 
rence of abnormality, and stops at least one of the two 
EC mounting apparatuses 20, 22 that includes the one 
holder 152 which has been judged to be without the 
nozzle 90 or with the abnormality. Thus, the nozzle-hold 
sensor 394 and the control device 330 cooperate with 25 
each other to provide a nozzle-hold Inspecting device. 
As described above, when the control device 330 recog- 
nizes the occurrence of abnormality, it not only operates 
the alarm device 358 to inform the operator of the occur- 
rence of abnormality, but also stops at least one of the 30 
two EC mounting apparatuses 20, 22 to which the 
abnormality has occurred. However, In the following 
description, only the operation of the alarm device 358 
will be referred to for just avoiding redundant descrip- 
tion. 35 
[0087] In addition, irrespective of whether the EC 
suction nozzles 90 are taking or mounting the ECs 90, 
the control device 330 detects a defect of the suction 
nozzle 90 held by one nozzle holder 152 being stopped 
at the nozzle-defect-detect position. Each time one noz- 40 
zle holder 152 is stopped at the nozzle-defect-detect 
position, the control device 330 identifies whether the 
one nozzle holder 152 has a defect, according to the 
nozzle-defect detecting control program or routine rep- 
resented by the flow chart of Fig. 15. Hereinafter, the 45 
nozzle-defect detecting method will be described along 
the steps of the nozzle-defect detecting control routine. 
[0088] At Step SI of of the nozzle-defect detecting 
control routine, the control device 330 reads an output 
value of the nozzle-defect sensor 396, i.e., an amount of so 
light received by the light receiver 408 of the sensor 
396. Step SI is followed by Step S2 to judge, based on 
the read output value, whether one suction nozzle 90 is 
a defective nozzle having a defect. Before one nozzle 
holder 152 and one suction nozzle 90 held thereby is ss 
moved to the nozzle-defect-detect position, the light 
receiver 408 of the nozzle-defect sensor 396 receives 
the light emitted by the light emitter 406 thereof. Once 



one holder 152 and one nozzle 90 are stopped at the 
nozzle-defect-detect position, the suction pipe 134 of 
the one nozzle 90 reflects the light, thereby preventing 
the receiver 408 from receiving the light. However, if the 
pipe 1 34 has been broken or curved and cannot reflect 
the light, the receiver 408 receives the light. Thus, 
based on the facts that one holder 152 and one nozzle 
90 are stopped at the nozzle-defect-detect position and 
that the amount of light received by the receiver 408 
exceeds a threshold value, the control device 330 can 
identify that the one nozzle 90 is a defective nozzle 
which has been broken or curved. Since a value near 
zero is selected as the threshold value, the amount of 
light received by the receiver 408 easily exceeds the 
threshold value and the curved nozzle 90 is detected, 
even if the amount of curving of the nozzle 90 is consid- 
erably small. Since the light emitter 406 of the nozzle- 
detect sensor 396 emits the light toward the suction 
pipe 134, the curving or breaking of the nozzle 90 can 
be detected even if the nozzle 90 may not hold the EC 
92. 

[0089] As described above, the width of cross sec- 
tion of the belt-like light emitted by the light emitter 406 
of the nozzle-defect sensor 396 is slightly smaller than 
the smallest one of the respective diameters of the dif- 
ferent sorts of suction pipes 134. Therefore, the sensor 
396 can detect curving of each of the smallest pipe 134 
having the smallest diameter and several small sorts of 
pipes 134 having respective small diameters near the 
smallest diameter. 

[0090] In the case where the width of cross section 
of the light emitted by the light emitter 406 is smaller 
than the diameter of a suction pipe 134 but sufficiently 
near to the diameter, a small amount of curving of the 
pipe 134 can be detected because the amount of light 
received by the receiver 408 exceeds the threshold 
value near zero. In the case where the width of cross 
section of the light is great for detecting curving of a pipe 
1 34 having a great diameter, curving of a pipe 1 34 hav- 
ing a small diameter cannot be detected because the 
small-diameter pipe 134 remains in the path of travelling 
of the light, irrespective of whether the pipe 134 is 
curved or not, and accordingly the amount of light 
received by the receiver 408 does not change. On the 
other hand, in the case where the width of cross section 
of the light is small, curving of a pipe 1 34 having a great 
diameter cannot be detected because the great-diame- 
ter pipe 1 34 reflects the light, irrespective of whether the 
pipe 1 34 is curved or not, and accordingly the amount of 
light received by the receiver 408 does not change. 
Meanwhile, there is a fact that pipes 134 having small 
diameters are more likely curved than pipes having 
great diameters. Hence, in the present embodiment, the 
width of cross section of the light emitted by the light 
emitter 406 is small, for the purpose of detecting curving 
of each of several small sorts of pipes 134 having 
respective small diameters. The nozzle-defect sensor 
396 can easily detect breaking of the suction pipe 134, 
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irrespective of whether the diameter of the pipe 134 Is 
small or great, because the amount of light received by 
the receiver 408 exceeds the threshold value In each 
case. 

[0091] As described above, each suction nozzle 90 5 
can be rotated, by the nozzle rotating device 370, about 
its axis line to change the current rotation position of the 
EC 92 held thereby and/or correct a rotation-position 
error of the EC 92. Therefore, when the sixteen nozzles 
90 are sequentially stopped at the nozzle-defect-detect io 
position, the different nozzles 90 may have different 
rotation positions. If one nozzle 90 stopped at the noz- 
zle-defect-detect position is curved in a direction paral- 
lel to an optical axis of the nozzle-defect sensor 396, the 
sensor 396 cannot detect the curving of the one nozzle is 
90. However, if the current rotation position of the one 
nozzle 90 is changed by the nozzle rotating device 370, 
the curving of the one nozzle 90 is deviated from the 
optical axis and accordingly can be detected by the sen- 
sor 396. Since rotating the one nozzle 90 about Its axis 20 
line or changing the rotation position of the one nozzle 
90 Is equivalent to emitting a light toward the one nozzle 
90 from each of a plurality of nozzle-defect sensors pro- 
vided around the one nozzle 90. Thus, the curving of 
the one nozzle can be detected. 25 
[0092] Thus, the control device 330 judges, based 
on the amount of light received by the light receiver 408, 
whether the suction pipe 134 has been broken or 
curved. If the amount of light received by the receiver 
408 is smaller than the threshold value, the control 30 
device 330 judges that the pipe 134 has not been bro- 
ken or curved and that the suction nozzle 90 is not a 
defective nozzle. Hence, the control device 330 makes 
a negative judgment at Step S2, and terminates the cur- 
rent control cycle according to the control routine of Fig. 35 
15. Thus, Step S2 corresponds to a nozzle-defect 
detecting step. 

[0093] If the suction pipe 1 34 is a broken or curved 
pipe, the amount of light received by the light receiver 
408 exceeds the threshold value. Therefore, the control 40 
device 330 judges that the suction nozzle 90 is a defec- 
tive nozzle and makes a positive judgement at Step S2. 
Hence, Step 82 is followed by Step S3 to judge whether 
the defective nozzle 90 needs to be exchanged with a 
normal one. For example, if the amount of curving of the 45 
nozzle 90 is considerably small and the curved nozzle 
90 can be used to hold and mount an EC 92, the nozzle 
90 need not be exchanged with a normal one, i.e.. can 
be used to suck and hold another EC 92. On the other 
hand, if the pipe 1 34 is a broken pipe, the defective noz- so 
zle 90 needs to be exchanged with a normal one to pre- 
vent it from sucking and holding another EC 92. Thus, 
that the amount of curving of the nozzle 90 is great or 
that the nozzle 90 has been broken is a predetermined 
condition for the defective nozzle 90 to be exchanged ss 
with a normal one to prevent it from holding and sucking 
any other EC 92. 

[0094] The amount of curving of the suction pipe 



134 can be measured based on the amount of light 
received by the light receiver 408. Therefore, the control 
device 330 judges whether the defective nozzle 90 
needs to be exchanged with a normal one, by compar- 
ing the amount of light received by the receiver 408 with 
a threshold value. This second threshold value is 
greater than the first threshold value employed at Step 
S2 to judge whether one suction nozzle 90 is a defective 
nozzle. If the amount of light received by the receiver 
408 Is smaller than the second threshold value, the con- 
trol device 330 judges that the amount of curving of the 
pipe 134 is not great so much and the pipe 134 need not 
be exchanged, and makes a negative judgment at Step 
S3. Thus, the current control cycle is terminated. 
[0095] On the other hand, if the amount of light 
received by the receiver 408 is greater than the second 
threshold value, the control device 330 judges that the 
amount of curving of the pipe 134 is great and the pipe 
1 34 needs to be exchanged, and makes a positive judg- 
ment at Step S3. Likewise, in the case where the suc- 
tion pipe 134 has been broken, the amount of light 
received by the receiver 408 is greater than the second 
threshold value, and a positive judgment is made at 
Step S3. Step S3 is followed by Step S4 to judge, from 
the EC mounting control program, whether the defective 
nozzle 90 must currently hold an EC 92. If not, a nega- 
tive judgment is made at Step S4, and the control goes 
to Step S5 to command an automatic exchange of the 
defective nozzle 90 with a normal one. 
[0096] On the other hand, if a positive judgment is 
made at Step S4, the control of the control device 330 
goes to Step S6 to command the defective nozzle 90 to 
discard the EC 92 and additionally command an auto- 
matic exchange of the defective nozzle 90 with a normal 
one. Although not shown, an EC collecting box for col- 
lecting the ECs 92 discarded by the defective nozzles 
90 Is provided within a range in which the EC mounting 
head 50, 52 is moved by the X-Y robot 62. 64. The 
defective nozzle 90 holding the EC 92 is moved to a 
position above the EC collecting box and discards the 
EC 92 Into the box. Then, the defective nozzle 90 is 
automatically exchanged with a normal one. 
[0097] In response to the command issued at Step 
S5 or S6, the defective nozzle 90 is automatically 
exchanged with a normal one. This step corresponds to 
a nozzle exchanging step. Irrespective of whether the 
defective nozzle 90 currently holds an EC 92, the defec- 
tive nozzle 90 Is exchanged with a normal one, before 
the defective nozzle 90 holds another EC 92, that is, 
while suspending the series of EC mounting operations! 
[0098] Hereinafter, the nozzle exchange will be 
described in detail. 

[0099] When one suction nozzle 90 is exchanged, 
the nozzle holder holding the one nozzle 90 is moved to 
the EC-suck-and-mount position by the intermittent 
rotation of the IR body 68, and is moved by the X-Y 
robot 62 to a position right above an appropriate one of 
the empty nozzle storing holes 250. During this move- 
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ment of the nozzle holder 152, the nozzle storing plate 
194 is held at its lower end position. After the movement 
of the nozzle holder 152, the storing-plate supporting 
member 204 Is elevated so that the storing plate 194 Is 
elevated to Its upper end position. 
[0100] Before the nozzle storing plate 194 is ele- 
vated, the nozzle-presence sensor 392 is used to iden- 
tify whether the above-described appropriate one 
nozzle storing hole 250 is actually empty. If a positive 
judgment is made, the one nozzle 90 held by the nozzle 
holder 1 52 is returned to the empty hole 250 of the stor- 
ing plate 194. However, if a negative judgment is made, 
the current nozzle exchanging operation is terminated, 
and the control device 330 operates the alarming device 
358 to generate an alarm sound to Inform the operator 
of the occurrence of an abnormality. Thus, the present 
EC mounting apparatus 20 can prevent the nozzle stor- 
ing plate 194 from being elevated when the one hole 
250 is not actually empty, and thereby prevents the one 
nozzle 90 held by the shaft member 84 and the nozzle 
90 held by the one hole 250, from colliding with, and 
being damaged by, each other. 

[0101] If the above-indicated appropriate one hole 
250 is empty, the nozzle storing plate 194 is allowed to 
be elevated. After the nozzle storing plate 194 Is ele- 
vated, the nozzle holder 152 is lowered by the elevating 
and lowering device 1 70, so that the suction pipe 1 34 of 
the suction nozzle 90 held by the holder 152 is fitted in 
the small-diameter portion 254 of the above-indicated 
one empty hole 250. In this state, the nozzle-removal 
inhibiting plate 280 is held at Its operative position, and 
the light emitting plate 146 of the nozzle 90 is positioned 
at a height position slightly higher than that of the inhib- 
iting plate 280. 

[0102] After the suction pipe 134 Is fitted in the 
small-diameter portion 254, the nozzle-removal inhibit- 
ing plate 280 Is moved to its Inoperative position by the 
air cylinder 312. Subsequently, the nozzle holder 152 is 
further moved downward by the elevating and lowering 
device 170 so that the light emitting plate 146 is fitted in 
the large-diameter portion 256. The distance of the 
downward movement of the nozzle holder 152 is deter- 
mined by adding an additional value to the distance 
between the plate 146 and the portion 256. The addi- 
tional value Is predetermined by taking into account the 
manufacturing errors of, e.g., the suction-nozzle storing 
device 190, and other factors. Any excessive downward 
movement of the nozzle holder 152 is accommodated 
by compression of the compression coil spring 108. 
After the downward movement of the holder 152, the 
nozzle-removal Inhibiting plate 280 Is returned to its 
operative position by the air cylinder 312, and the drive 
member 178 is moved to a position, e.g., its upper end 
position, where the nozzle 90 is allowed to be removed 
from the holder 152, so that the holder 152 Is moved 
upward to its upper end position. During this upward 
movement of the holder 152, a relevant pair of nozzle- 
removal Inhibiting portions 288 of the plate 280 engage 



the light emitting plate 146, thereby inhibiting the nozzle 
90 from being removed from the nozzle storing plate 
194. More specifically described, since the pair of noz- 
zle-removal inhibiting portions 288 apply, to the nozzle 

5 90, a force greater than the drawing force of the spring 
member 140 to draw the nozzle 90 Into the adaptor 100, 
i.e., the holding force of the adaptor 1 00 to hold the noz- 
zle 90, in a direction in which the nozzle 90 is moved 
away from the adaptor 100, the nozzle 90 is removed 

10 from the adaptor 1 00 and is stored by the nozzle storing 
plate 194. 

[0103] Thus, one nozzle holder 152 positioned at 
the EC-suck-and-mount position returns the defective 
nozzle 90 to the nozzle storing plate 194, and becomes 

15 empty. Therefore, when the one holder 152 is returned 
to its upper end position, the nozzle-exchange sensor 
390 does not detect a suction nozzle 90 and accordingly 
the control device 330 recognizes that the defective 
nozzle 90 has been returned to the nozzle storing plate 

20 194. That is, based on the facts that the one nozzle 
holder 152 is lowered and then elevated to return the 
defective nozzle 90 to the nozzle storing plate 194 (for 
example, the one holder 152 is lowered and then ele- 
vated for the first time after the one holder 152 is 

25 stopped at the EC-suck-and-mount position) and that 
the nozzle-exchange sensor 390 does not detect a noz- 
zle 90, the control device 330 can judge that the defec- 
tive nozzle 90 has been returned to the nozzle storing 
plate 194. However, if the nozzle-exchange sensor 390 

30 detects a nozzle 90 after the one holder 152 is lowered 
and elevated to return the defective nozzle 90 to the 
nozzle storing plate 194, the control device 330 recog- 
nizes that the defective nozzle 90 has not been returned 
to the nozzle storing plate 194 because of the oocur- 

35 rence of some abnormality. In the latter case, the control 
device 330 commands the alarming device 358 to gen- 
erate an alarm sound to inform the operator of the 
occurrence of abnormality. 

[0104] After the one nozzle holder 152 returns the 
40 EC suction nozzle 90 to the nozzle storing plate 194 in 
this way, the storing plate 194 is moved downward to its 
lower end position. After this downward movement of 
the storing plate 194, the empty holder 152 which has 
returns the defective nozzle 90 to the storing plate 194, 
45 is moved by the X-Y robot 62 to a position right above 
one of the nozzle storing holes 250 that should currently 
hold a normal nozzle 90 of the same sort as that of the 
defective nozzle 90. 

[0105] After the above-described movement of the 
50 nozzle holder 152, and before the nozzle storing plate 
194 is elevated, the nozzle-presence sensor 392 
detects or judges whether the above-indicated one hole 
250 is actually holding the normal nozzle 90 to be next 
held by the holder 152. If a negative judgment is made, 
55 the current nozzle exchanging operation Is terminated, 
and the control device 330 operates the alarming device 
358 to generate an alarm sound to inform the operator 
of the occurrence of abnormality. Thus, the nozzle-pres- 
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enoe sensor 392 provides a device which identifies 
whether a suction nozzle 90 is present or absent in a 
nozzle storing hole 250. 

[0106] On the other hand, if a positive judgment is 
made, the nozzle storing plate 1 94 is moved upward to s 
Its upper end position. After the nozzle storing plate 194 
is moved upward, the nozzle holder 15 Is moved down- 
ward so that the tapered portion 136 of the normal noz- 
zle 90 stored by the storing plate 194 is fitted in the 
tapered hole 138 of the adaptor 100 carried by the io 
holder 152. The distance of the downward movement of 
the holder 152 is determined by adding an additional 
value to the distance needed for the tapered portion 1 36 
to be fitted in the tapered hole 138. The additional value 
Is predetermined by taking into account the manufactur- is 
ing errors of. e.g., the suction-nozzle storing device 190, 
and other factors. Thus, the tapered portion 1 36 is relia- 
bly fitted in the tapered hole 138 and is reliably held by 
the spring member 140. Any excessive downward 
movement of the holder 1 62 is accommodated by com- 20 
pression of the compression coll spring 108. 
[0107] After the tapered portion 136 Is fitted in the 
tapered hole 138. the nozzle-removal Inhibiting plate 
280 Is moved to its inoperative position. Subsequently, 
the nozzle holder 1 62 is moved upward to its upper end 25 
position, and the normal nozzle 90 is removed from the 
nozzle storing plate 194. Then, the plate 280 is moved 
to its operative position, and the storing plate 194 is 
moved downward to its lower end position in the state in 
which the nozzles 90 stored by the storing plate 1 94 are 30 
inhibited from jumping off the same 194. When the noz- 
zle holder 152 reaches its upper end position, the con- 
trol device 330 identifies whether the holder 152 holds 
the normal nozzle 90, depending upon whether the noz- 
zle-exchange sensor 390 detects the nozzle 90. Based 35 
on the facts that the holder 1 52 has been moved to suck 
and hold the normal nozzle 90 (e.g., the holder 152 has 
been lowered and elevated for the second time at the 
EC-suck-and-mount position) and that the sensor 390 
has detected the nozzle 90, the control device 330 rec- 40 
ognizes that the holder 152 has taken the nozzle 90 
from the nozzle storing plate 1 94. However, if the sensor 
390 does not detect the nozzle 90, the control device 
330 judges that the holder 152 failed to hold the normal 
nozzle 90, and operates the alarming device 358 to 45 
generate an alarm sound to form the operator of the 
occurrence of abnormality. Thus, the nozzle-exchange 
sensor 390 provides a device which Identifies whether 
each nozzle holder 152 has exchanged a defective noz- 
zle 90 with a normal nozzle 90. so 
[0108] After the defective nozzle 90 has been 
exchanged with a normal one 90, the EC mounting 
apparatus 20 returns to the EC mounting operation that 
has been suspended during the nozzle exchange. The 
EC mounting apparatus 20 automatically detects a ss 
defect of each of the sixteen suction nozzles 90 and. if a 
defective nozzle 90 needs to be exchanged, the appara- 
tus 20 automatically exchanges the defective nozzle 90 



with a normal one to prevent the defective nozzle 90 
from sucking and holding any additional EC 92. Thus, 
the apparatus 20 minimizes the decrease of the EC 
mounting efficiency. 

[0109] A conventional EC mounting machine 
including a plurality of suction nozzles of a same sort Is 
operated, when one of the nozzles becomes defective, 
such that the defective nozzle is no longer used and 
only the other normal nozzles are used to mount ECs 
on a PCB and such that an alarm such as a buzzer is 
issued to inform an operator of the occurrence of nozzle 
defect so that when the operator notices it, he or she 
manually exchange the defective nozzle with a normal 
one. However, since the defective nozzle is no longer 
used, the number of nozzles used to mount ECs 
decreases, which leads to increasing the number of 
reciprocative movements of an EC mounting head 
between the PCB and an EC supplying device, i.e., 
increasing the time needed to mount the ECs, which in 
turn decreases the EC mounting efficiency In the case 
where all the suction nozzles of an EC mounting 
machine are of a same sort, the mounting machine can 
continue, when one of the nozzles becomes defective, 
an EC mounting operation, with a small increase of the 
number of reciprocative movements of its EC mounting 
head between a PCB and its EC supplying device. On 
the other hand, in the case where an EC mounting 
machine emplcys different sorts of suction nozzles 
including just one suction nozzle for each sort, the 
mounting machine cannot continue, if the single suction 
nozzle of each sort becomes defective, an EC mounting 
operation, which leads to largely decreasing the EC 
mounting efficiency In the third case where an EC 
mounting machine employs different sorts of suction 
nozzles including two suction nozzles for each sort, the 
number of reciprocative movements of its EC mouriting 
head between a PCB and its EC supplying device is 
doubled, if one of the two suction nozzles for each sort 
becomes defective, which results in lowering the EC 
mounting efficiency. The smaller the number of suction 
nozzles of a same sort is, the more the EC mounting 
efficiency decreases. In addition, it is cumbersome and 
time-consuming (more than 30 seconds are consumed) 
for the operator to manually exchange a defective noz- 
zle with a normal one, which results In considerably 
decreasing the EC mounting efficiency 
[0110] In contrast thereto, the present EC mounting 
apparatus 20, 22 automatically detects a defective noz- 
zle 90 and automatically exchanges the defective noz- 
zle 90 with a normal one. This nozzle exchange is easily 
and quickly performed without needing any intervention 
of the operator. In addition, since the defective nozzle 
90 is exchanged with a normal one before sucking and 
holding any additional EC 92, all the pre-programmed 
number of suction nozzles 90 are always used to mount 
ECs 92. while avoiding the problem that the EC mount- 
ing efficiency would be largely decreased by letting the 
defective nozzle 90 remain of no use. One nozzle 
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exchange increases, by only about 3 seconds, the time 
needed to mount ECs 92 on a PCB 32. The less the 
number of suction nozzles of a same sort Is, the more 
the decrease of the EC mounting efficiency is lowered. 
[0111] As is apparent from the foregoing descrip- s 
tlon, in the present embodiment, the EC mounting appa- 
ratus 20, 22 Is of a type which simultaneously transfers 
a plurality of ECs 92; and the light emitter 406 and the 
light source of the nozzle-defect sensor 396 provide a 
beam emitting device, and the light receiver 408 and the io 
light detecting elements of the sensor 396 provide a 
beam detecting device. The X-axis slide 54, 56 and the 
Y-axis slide 58, 60 cooperate with each other to provide 
a movable member; and the X-axis-slide moving device 
71, the Y-axis-slide moving device, and the IR-body is 
rotating device 78 cooperate with one another to pro- 
vide an EC-transfer moving device which moves the 
suction nozzles 90 to transfer the ECs 92 held by the 
nozzles 90. The IR-body rotating device 78 also pro- 
vides a defect-detect nozzle moving device as a sort of 20 
defect-detect moving device, and cooperates with the 
nozzle-defector sensor 396 to provide a nozzle-defect 
detecting device. The X-Y robot 62, 64 and the elevating 
and lowering device 170 cooperate with the air cylinder 
200 as part of a nozzle-storing-plate elevating and low- 2s 
ering device as a nozzle-storing-member elevating and 
lowering device as a sort of nozzle-storing-member 
moving device, to provide a nozzle-exchange moving 
device on one hand, and cooperate with the nozzle stor- 
ing device 1 90, 1 92, the nozzle holders 1 52, the nozzle- 30 
removal Inhibiting plate 280, and the air cylinder 312 to 
provide a nozzle exchanging device. A portion of the 
control device 330 that controls the nozzle exchanging 
device to perform a nozzle exchange provides a nozzle- 
exchanging-device control device; and a portion of the 35 
control device 330 that carries out Step S3 provides a 
judging device which judges whether it is needed to 
exchange instantly a defective nozzle with a normal 
one. 

[0112] The control device 330 may be adapted to 40 
store, when defective nozzles 90 are detected, history 
data relating to the detection of defective nozzles 90. 
For example, the control device 330 may store, in a 
memory such as the RAM 336 of the computer 340, 
data indicating the sort of each defective nozzle 90, the 45 
position where each defective nozzle 90 is held on the 
IR body 68, and the number of ECs 92 each defective 
nozzle 90 has mounted. 

[01 13] When a defective nozzle 90 is detected, the 
defective nozzle 90 is automatically exchanged with a so 
normal one. The control device 330 may be adapted to 
inform, at this time, the operator of the automatic 
exchange of the defective nozzle 90 with the normal 
one. 

[0114] While the present invention has been 55 
described In its preferred embodiment, the invention 
may othenvise be embodied. 

[0115] For example, in the above-described first 



embodiment, the EC mounting apparatus 20, 22 detects 
a defect of each suction nozzle 90 In the state in which 
the each nozzle 90 Is stopped at the nozzle-defect- 
detect position. However, it is possible to detect a defect 
of each suction nozzle 90 while the each nozzle 90 and 
a nozzle-defect sensor are moved relative to each other. 
Figs. 16 and 17 show a second embodiment of the 
present invention in which a defect of each suction noz- 
zle 90 Is detected while the each nozzle 90 is moved rel- 
ative to a nozzle-defect sensor (not shown). In this 
embodiment, the nozzle-defect sensor is provided at a 
position which is located between two adjacent stop 
positions of the sixteen stop positions of the each noz- 
zle 90 and through which the each nozzle 90 is passed 
(i.e., revolved) at a substantially constant velocity. This 
position corresponds to the nozzle-defect-detect posi- 
tion. The nozzle-defect sensor may be provided by a 
transmission-type photoelectric sensor Including a light 
emitter and a light receiver. A width of cross section of a 
light 450 which is emitted by the light emitter toward the 
light receiver is smaller than the smallest one of the 
respective diameters of the different sorts of suction 
pipes 134. The nozzie-defect sensor is disposed such 
that an optical axis of the sensor intersects the path of 
revolution of each suction pipe 134. 
[0116] In the state in which the suction nozzle 134 
has not reached the nozzle-defect-detect position, the 
light 450 emitted by the light emitter of the nozzlerdefect 
sensor is received by the light receiver. When the nozzle 
134 reaches the nozzle-defect-detect position, the light 
450 emitted by the light emitter Is Interrupted by the noz- 
zle 134 and is not received by the light receiver. Irre- 
spective of whether the pipe 134 is curved or straight, 
the light receiver cannot receive the light 450 when the 
pipe 134 passes through the nozzle-defect-detect posi- 
tion. However, as shown in the graph of Fig. 17, a timing 
at which the amount of light received by the light 
receiver decreases when the defective, curved pipe 1 34 
passes differs from a timing at which the amount of light 
received by the light receiver decreases when the nor- 
mal, straight pipe 134 passes. In the case where the 
pipe 134 is normal and straight as indicated at solid line 
in Fig. 16, the amount of light received by the light 
receiver decreases at an expected timing. However, in 
the case where the pipe 134 is defective and curved 
toward its upstream side as seen in a nozzle-move 
direction. A, as Indicated at two-dot chain line in Fig. 16, 
the amount of light received by the light receiver 
decreases at a delayed timing. Thus, the control device 
330 can identify that the pipe 134 is curved. In the case 
where the pipe 134 is brol<en, the amount of light 
received by the light receiver never decreases. Thus, 
the control device 330 can identify that the pipe 134 is 
broken. 

[0117] Since the width of cross section of the light 
450 emitted by the light emitter Is smaller than the 
smallest one of the respective diameters of the different 
sorts of suction pipes 134. the present EC mounting 
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apparatus can detect curving of every sort of pipe 134 
irrespective of Its diameter. In the case where a defect of 
a nozzle is detected in the state in which the nozzle Is 
stopped, curving of a certain sort of pipe having a cer- 
tain diameter can be detected with a light having a pre- 
scribed width, but curving of a different sort of pipe 
having a different diameter may not be detected with the 
same light, as explained previously In contrast, in the 
second embodiment, a defect of each suction nozzle 90 
is detected while the each nozzle 90 and the nozzle- 
defect sensor are moved relative to each other. There- 
fore, Irrespective of whether the diameter of each suc- 
tion pipe 134 is small or great, the each pipe 134 
prevents the light receiver from receiving the light 450 
having a width smaller than the smallest one of the 
respective diameters of the different sorts of suction 
pipes 134, and can be detected with the light. If the each 
pipe 134 is curved, a timing at which the curved pipe 
134 is detected is deviated from that at which the nor- 
mal pipe 134 is detected. Thus, the control device 330 
can identify the curving of the pipe 134. The IR-body 
rotating device 78 which rotates the IR body 68 about its 
axis line and revolves the suction nozzles 90 about the 
axis line, and thereby moves each of the nozzles 90 rel- 
ative to the nozzle-defect sensor, provides the defect- 
detect nozzle moving device as the defect-detect mov- 
ing device. 

[0118] A defect of each of the sixteen suction noz- 
zles 90 may be detected by a so-called "line sensor" 
460 as a sort of image detecting device, as shown in 
Fig. 1 8. The line sensor 460 includes a number of CCDs 
(charge-coupled devices) as light detecting elements 
that are arranged along a line such as a straight line. 
The CCDs generate respective electric signals corre- 
sponding to respective amounts of light received 
thereby. Based on the electric signals, the control 
device 330 obtains image data representing an image 
of the suction pipe 134 of the each nozzle 90. The line 
sensor 460 is provided at a position which corresponds 
to the nozzle-defect-detect position as one of the six- 
teen stop positions of the each nozzle 90 and which is 
somewhat away from the path of revolution of each pipe 
134. The line sensor 460 extends in a direction perpen- 
dicular to the axis line of each pipe 134 stopped at the 
nozzle-defect-detect position. 

[0119] When each of the suction nozzles 90 is 
stopped at the nozzle-defect-detecl position, the suction 
pipe 134 of the each nozzle 90 is lighted by a lighting 
device (not shown), and the light reflected by the pipe 
134 is incident to the line sensor 460, so that an image 
of a portion of the pipe 134 is formed on the line sensor 
460. The line sensor 460 is connected to the control 
device 330 which controls the present EC mounting 
apparatus, and outputs and supplies the electric signals 
or image data to the control device 330. Based on the 
image data, the control device 330 judges whether the 
each nozzle 90 has a defect, i.e., a defective nozzle. 
[0120] In the case where the suction pipe 134 is 



straight as indicated at solid line in Fig. 18, the image of 
the pipe 134 is formed at an expected position. How- 
ever, in the case where the suction pipe 134 is curved 
as indicated at two-dot chain line in Fig. 18, the image of 
5 the pipe 134 is formed at a position deviated from the 
expected position. Thus, the control device 330 can 
identify that the pipe 134 is curved. Although the size of 
image of each suction pipe 134 changes depending 
upon the diameter of the each pipe 134, the control 
10 device 330 can identify, irrespective of the diameter of 
the each pipe 134, whether the each pipe 134 is curved, 
by judging whether the image of the each pipe 134 is 
formed at a position deviated from the expected posi- 
tion. The control device 330 can detect breaking of the 
IS each pipe 134, because no image of the each pipe 134 
is formed on the line sensor 460. A portion of the control 
device 330 that judges, based on the electric signals 
(i.e., image data) supplied from the line sensor 460. 
whether the each nozzle 90 has a defect, i.e., a defec- 
20 tlve nozzle, provides an image processing device. 

[0121] Curving of each suction nozzle 90 may be 
detected by moving the each nozzle 90 and a line sen- 
sor (not shown) in a direction parallel to the axis line of 
the each nozzle 90. For example, the line sensor is pro- 
25 vided at the EC-suck-and-mount position such that the 
line sensor extends in a direction perpendicular to the 
axis line of the nozzle 90 stopped at that position. While 
the nozzle 90 is lowered and elevated at the position by 
the elevating and lowering device 170, an image of the 
30 suction pipe 134 of the nozzle 90 is taken by the line 
sensor and, based on the taken image, a defect of the 
nozzle 90 is detected. If the pipe 134 is straight, the 
position where the image of the pipe 134 is formed on 
the line sensor does not change as the pipe 1 34 moves; 
35 and if the pipe 134 is curved, that position changes! 
Thus, the control device 330 can identify that the pipe 
1 34 is curved. Based on the change of the position, the 
control device 330 can know how the pipe 134 as a 
whole is curved, i.e.. the direction in which the pipe 134 
40 is curved and the amount of curving of the pipe 134 in 
the direction. It is possible that a similar elevating and 
lowering device be provided at a position different from 
the EC-suck-and-mount position and each suction noz- 
zle 90 be elevated and lowered relative to a line sensor 
45 by the elevating and lowering device. In either case, the 
elevating and lowering device provides the defect- 
detect nozzle moving device as the defect-detect mov- 
ing device. 

[01 22] The image taking device which provides the 
50 nozzle-defect detecting device may be provided by a 
surface-image taking device 470 which takes a surface 
image of the suction pipe 1 34 of each suction nozzle 90, 
as shown in Figs. 19, 20A, 20B, 20C, and 20D. The sur- 
face-image taking device 470 is provided at the nozzle- 
55 defect-detect position as one of the sixteen stop posi- 
tions of the each nozzle 90, and includes a matrix of 
CCDs as solid-state image sensors or light detecting 
elements that are arranged on a common plane. The 
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matrix of CCDs defines an image-take surface 472, and 
generates respective electric signals corresponding to 
respective amounts of liglit received by the individual 
CCDs. Based on the electric signals supplied from the 
CCDs, the control device 330 of the present EC mount- 
ing apparatus obtains Image data representing a sur- 
face image of the each pipe 134 formed on the Image- 
take surface 472. The surface-image taking device 470 
is opposed to the pipe 134 of the nozzle 90 stopped at 
the nozzle-defect-detect position, such that the image- 
take surface 472 thereof extends on a plane perpendic- 
ular to the axis line of the pipe 134. The control device 
330 processes the electric signals (i.e., image data) 
supplied from the surface-image taking device 470. 
[0123] When each suction nozzle 90 Is stopped at 
the nozzle-defect-detect position, the suction pipe 134 
of the each nozzle 90 is lighted by a lighting device (not 
shown), and the light reflected by a suction surface 474 
of the pipe 134 at which the pipe 134 sucks and holds 
an EC 92 Is Incident to the image-take surface 472 of 
the surface-Image taking device 470, so that an image 
476 of the suction surface 474 is formed on the image- 
take surface 472. If the pipe 134 is not curved and 
straight, the image 476 of the suction surface 474 is 
formed at the center of the Image-take surface 472, as 
shown in Fig. 20A. If the pipe 134 is curved, the Image 
476 of the suction surface 474 Is formed at a position 
deviated from the center of the image-take surface 472, 
as shown in Fig. 20B. Thus, the control device 330 can 
Identify that the pipe 134 Is curved. If the pipe 134 is 
worn, the amount of light reflected from the worn portion 
of the suction surface 474 is less than that from the 
intact portion of the same 474, and the image 476 of the 
suction surface 474 a portion of which is unclear is 
formed at the center of the image-take surface 472, as 
shown at shadow In Fig. 20C. Thus, the control device 
330 can identify that the pipe 134 is worn. Moreover, if 
the pipe 1 34 is stained with dust or the like, an image 
other than the image 476 of the suction surface 474 is 
additionally formed on the image-take surface 472, as 
shown in Fig. 20D. Thus, the control device 330 can 
identify that the pipe 134 is stained. Furthermore, 
though not shown, if the pipe 134 is broken, the dis- 
tance between the pipe 1 34 and the image-take surface 
472 changes and accordingly an unclear image of the 
broken-end surface of the nozzle 134 is formed at the 
center of the Image-take surface 472. Thus, the control 
device 330 can identify that the pipe 134 is broken. 
[0124] Thus, the surface-image taking device 470 
can detect curving and breaking of each suction pipe 
134, irrespective of whether the diameter of the each 
pipe 134 Is small or great. In addition, the taking device 
470 can detect wearing and staining of the each pipe 
134. A portion of the control device 330 that processes 
the electric signals or Image data supplied from the tak- 
ing device 470 and judges whether the each nozzle 90 
has a defect, provides the image processing device. 
[0125] A defect of each suction nozzle 90 may be 



detected by detecting at least one failure of the each 
nozzle 90 to suck and hold at least one EC 92, as will be 
described below by reference to a nozzle-defect detect- 
ing routine shown in Fig. 21 . 

5 [0126] A failure of the each nozzle 90 to suck and 
hold an EC 92 may be detected by, e.g., taking an image 
of the EC 92 held by the each nozzle 90. As described 
previously, at the EC-image-take position of the present 
EC mounting apparatus, the image taking device device 

10 160 Is provided to take an image of the EC 92 held by 
each of the sixteen suction nozzles 90. Based on the 
image data supplied from the image taking device 160, 
the control device 330 calculates the X-axis-direction 
and Y-axIs-direction position errors and rotation-position 

15 error of the EC 92 held by the each nozzle 90. In addi- 
tion, the control device 330 can identify, based on the 
image data, whether the each nozzle 90 holds an EC 92 
or not and, if the each nozzle holds the EC 92, identify 
whether the each nozzle 90 holds the EC 92 in a pos- 

20 ture thereof In which the EC 92 can be mounted on the 
PCB 32. 

[0127] The nozzle-defect detecting routine shown 
in Fig. 21 is stored in the ROM 334 of the computer 340 
as the control device 330 of the present EC mounting 

25 apparatus. A defect of each of the suction nozzles 90 Is 
detected by detecting a predetermined number, n (e.g., 
n=3), of failures of the each nozzle 90 to hold an EC 92, 
while the each nozzle 90 mounts a predetermined 
number, N (e.g., N=1,000), of ECs 92 on the PCB 32. 

30 The computer 340 has an additional RAM 480, shown In 
Fig. 22, which includes a first and a second counter 482, 
484 in addition to a working memory. The nozzle-defect 
detecting routine is carried out for each one of the six- 
teen suction nozzles 90, and the current number of ECs 

35 92 that have been mounted by the each nozzle 90 and 
the current number of EC-hold failures of the each noz- 
zle 90 are stored in the first and second counters 482, 
484, respectively. Thus, a defect of each one of the suc- 
tion nozzles 90 is detected, and the first and second 

40 counters 482, 484 are provided for the each nozzle 90, 
though not shown. 

[0128] At Step S21, the computer 340 judges 
whether it is now a time when each of the suction noz- 
zles 90 should currently hold an EC 92, after the one 

45 nozzle 90 has taken an EC 92 at the EC-suck-and- 
mount position and before it mounts the EC 92 on the 
PCB 32. This judgement can be made based on the EC 
mounting program or routine according to which the 
present EC mounting apparatus mounts ECs 92 on 

50 PCBs 32. This judgment will be utilized for detecting a 
defect of the each nozzle 90 based on the presence or 
absence of an EC 92 with the each nozzle 90 and the 
posture of the EC 92 held by the same 90. 
[0129] If a positive judgment is made at Step S21, 

55 the control goes to Step S22 to judge, based on the 
image data supplied from the image taking device 160, 
whether the each nozzle 90 appropriately holds an EC, 
that Is, judge whether the each nozzle 90 holds an EC 



25 



49 



EP 1 032 251 A2 



# 



92 or not and, if the each nozzle 90 holds an EC 92, 
whether the each nozzle 90 holds an EC 92 In an appro- 
priate posture in which the EG 92 can be mounted on 
the PCB 32. If the each nozzle 90 holds an EC 92 
which, however, takes an inappropriate posture, such 5 
as an upside-down posture or an upright posture, the 
EC 92 cannot be mounted on the PCB 32. Thus, this is 
counted as a failure of the each nozzle 90 to hold an EC 
92. If a positive judgment is made at Step S22, the con- 
trol goes to Step S23 to increment, by one, a number, ^ 
Ci, counted by the first counter 482. Step S23 is fol- 
lowed by Step S24 to judge whether the number C^ is 
equal to, or greater than, the predetermined number N 
(e.g., N=1,000). The first counter 482 counts the 
number of ECs 92 that have been mounted by the each 75 
nozzle 90. At an early stage, a negative judgment is 
made at Step S24. Thus, the current control cycle 
according to the routine of Fig. 21 is terminated. 
[01 30] If the each nozzle 90 does not currently hold 
an EC 92, or holds an EC 92 which, however, takes an 20 
appropriate posture, a negative judgment is made at 
Step S22. Then, the control goes to Step S26 to incre- 
ment, by one, a number, Cg, counted by the second 
counter 484. Step S26 is followed by Step S27 to judge 
whether the number C2 is equal to, or greater than, the 25 
predetermined number n {e.g., n=3). The second coun- 
ter 484 counts the number of EC-hold failures of the 
each nozzle 90, and Step S27 is provided for judging 
whether the predetermined number (e.g., 3) of failures 
have occurred. If a negative judgment is made at Step 30 
S27, the cun'ent control cycle according to the routine of 
Fig. 21 is terminated. 

[0131] If the each nozzle 90 mounts the predeter- 
mined number N of ECs 92 on the PCB 32 before the 
second mounter 484 counts up the predetermined 35 
number n of EC-hold failures of the each nozzle 90, a 
positive judgment is made at Step S24, and the control 
goes to Step S25 to reset each of the respective current 
numbers C^, C2 of the first and second counters 482, 
484, to zero. If the limit or control number N is not 40 
employed, the second mounter 484 may count up the 
predetermined number n of EC-hold failures of the each 
nozzle 90. though, in fact, the each nozzle 90 does not 
have any defects. Hence, the control number N is 
employed, and a defect of the each nozzle 90 is 45 
detected by counting the failure number n relative to the 
control number N. 

[0132] On the other hand, if the second mounter 
484 counts up the predetermined number n of EC-hold 
failures of the each nozzle 90 before the each nozzle 90 so 
mounts the predetermined number N of ECs 92 on the 
PCB 32, a positive judgment is made at Step S27, and 
the control goes to Step S28 to reset each of the 
respective current numbers C^, Cg of the first and sec- 
ond counters 482, 484, to zero. Then, the control goes 55 
to Step S29 to command the each nozzle 90 to discard 
the EC 92 and command an automatic exchange of the 
each nozzle 90. i.e.. the defective nozzle 90 with a nor- 



mal one 90. In the present embodiment, the Image tak- 
ing device 160 provides a failure detecting device; and a 
portion of the control device 330 that carries out Steps 
S21 to S28 cooperates with the RAM 380 to provide a 
statistic-analysis device as a judging device. 
[01 33] Moreover, a defect of each suction nozzle 90 
may be detected, without needing to rotate the each 
nozzle 90 about Its axis line, by a nozzle-detect detect- 
ing device 490 as shown in Fig. 23. In the particular 
example shown in Fig. 23, the nozzle-defect detecting 
device 490 is provided by a transmission-type photoe- 
lectric sensor including plural (e.g., two) pairs of beam 
emitting and detecting devices 492, 494 each pair of 
which are opposed to each other via a path 496 of 
movement of the suction pipe 134 of the each nozzle 
90, in a direction intersecting the axis line of the pipe 
134 or nozzle 90. The direction in which the beam emit- 
ting and detecting devices (i.e., light emitter and 
receiver) 492, 494 of the first pair are opposed to each 
other is perpendicular to that in which the beam emitting 
and detecting devices 492, 494 of the second pair are 
opposed to each other, on a plane perpendicular to the 
axis line of the pipe 134. The optical axis of the beam 
emitting and detecting devices 492, 494 of each of the 
two pairs perpendicularly intersects the axis line of the 
pipe 1 34, and simultaneously the optical axis of the first 
pair of devices 492, 494 perpendicularly intersects that 
of the second pair of devices 492, 494. 
[01 34] Since the suction pipe 1 34 are observed in a 
plurality of radial directions about the axis line thereof, 
curving of the pipe 134 can be reliably detected without 
needing to change the current rotation position of the 
pipe 1 34. If the pipe 1 34 is not curved, the pipe 1 34 pre- 
vents each of the two beam detecting devices 494 from 
detecting the light emitted by a corresponding one of the 
two beam emitting devices 492. On the other hand, if 
the pipe 134 is curved, the curved pipe 134 does not 
prevent at least one of the two beam detecting devices 
494 from detecting the light emitted by a corresponding 
one of the two beam emitting devices 492. Thus, even if 
the pipe 134 may be curved in a direction parallel to the 
optical axis of one pair of beam emitting and detecting 
devices 492. 494, the curved pipe 134 is not aligned 
with the optical axis of the other pair of devices 492. 
494. Thus, the control device 330 can reliably identify 
that the pipe 134 is curved. 

[0135] In the nozzle exchanging operation, the hor- 
izontal and vertical movements of each nozzle holder 
152, the vertical movement of the nozzle storing plate 
194. and the movement of the nozzle-removal inhibiting 
plate 280 may be concurrently performed In a range in 
which the suction nozzle 90 held by the each holder 
152, the storing plate 194, and the inhibiting plate 280 
do not interfere with one another. For example, when 
the nozzle 90 held by the holder 152 is returned to the 
storing plate 194. the downward movement of the 
holder 152 and the upward movement of the storing 
plate 194 may concun^ently occur. In addition, after the 
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holder 152 is moved downward and the tapered hole 
138 of the holder 152 fits on the tapered portion 136 of 
one suction nozzle 90 stored In the storing plate 194, 
the upward movement of the holder 152, the rotation of 
the IR body 68, and the horizontal movement of the X-Y 
robot 60, 62 may concurrently occur. In the last case, 
the downward movement of the storing plate 194 may 
additionally occur concurrently with the respective 
movements of the holder 152, the IR body 68, and the 
robot 60, 62. 

[0136] In each of the Illustrated embodiments, each 
nozzle holder 152 and the nozzle storing plate 194 (or 
the storing-plate supporting member 204) exchange the 
respective suction nozzles 90 held thereby, with each 
other, by utilizing both the vertical movement of the 
each holder 152 and the vertical movement of the stor- 
ing plate 194. However, the suction nozzles 90 can be 
exchanged with each other, by utilizing only the vertical 
movement of the each holder 152, without needing the 
vertical movement of the storing plate 194. 
[0137] In each of the illustrated embodiments, the 
nozzle-exchange sensor 390 Is provided together with 
the nozzle holders 152 on the X-Y slide 54, and is used 
to identify whether each nozzle holder 1 52 has returned 
one suction nozzle 90 held thereby, to the nozzle storing 
plate 194, and received another nozzle 90 from the stor- 
ing plate 194, by identifying whether the each holder 
152 actually holds the new nozzle 90, while the each 
holder 152 is moved by the X-Y robot 62. 64. However, 
the nozzle-presence sensor 392 that is used to Identify 
whether a suction nozzle 90 is present in, or absent 
from, each nozzle storing hole 250 of the storing plate 
1 94 may be also used to identify whether each nozzle 
holder 1 52 has exchanged two nozzles 90 with the stor- 
ing member 194. If the each holder 152 is operated to 
return one nozzle 90 to the storing plate 194 and then 
the sensor 392 detects the one nozzle 90 on the plate 
194, the control device 330 can judge that the each 
holder 152 has returned the one nozzle 90 to the plate 
194; and if the each holder 152 is operated to take 
another nozzle 90 from the storing plate 194 and then 
the sensor 392 does not detect the another nozzle 90 
on the plate 194, the control device 330 can judge that 
the each holder 152 has taken the another nozzle 90 
and holds the same 90. 

[0138] The principle of the present Invention is 
applicable to not only the EC mounting apparatus 20, 22 
as described above but also any sort of EC mounting 
apparatus including a rotatable body which is rotatable 
about an axis line and a plurality of suction nozzles 
which are supported by the rotatable body and which 
sequentially suck ECs, while the rotatable body is 
rotated, transfer the ECs, and mount the ECs on a CS. 
For example, the present invention is applicable to the 
EC mounting apparatus disclosed in Japanese Patent 
Application laid open under Publication No. 6-342,998. 
The disclosed apparatus includes a rotatable body 
which is rotatable about an axis line, and a plurality of 



EC suction units which are supported by the rotatable 
body such that the EC suction units are provided along 
a circle whose center rides on the axis line and which 
are sequentially stopped at an EC-suck position where 

5 each suction unit sucks an EC and at an EC- mount 
position where the each suction unit mounts the EC. 
Each of the EC suction units is provided with a plurality 
of suction nozzles each of which is selectively used to 
suck and mount an EC. Thus, an appropriate one of the 

to suction nozzles of each one of the suction units can be 
selected and used with an appropriate one selected 
from the suction nozzles of each of the other suction 
units, so that the EC mounting apparatus can use an 
appropriate combination of respective suction nozzles 

IS selected from the suction units, to suck and mount ECs. 
In this case, if one of the suction nozzles that has been 
selected from one suction unit becomes defective, the 
same sort of suction nozzle as that of the defective noz- 
zle can be re-selected from another suction unit, so that 

20 the EC mounting apparatus pan continue the current EC 
mounting operation. In this case, however, the defective 
nozzle is not used to suck and mount ECs and accord- 
ingly the total number of nozzles that can be used to 
suck and mount ECs decreases, which leads to 

25 decreasing the EC mounting efficiency. In contrast, 
according to the present invention, when a defect of 
each of the suction nozzles is detected, the current EC 
mounting operation is suspended and the defective noz- 
zle Is exchanged with a normal one. After the nozzle 

30 exchange, the EC mounting apparatus can use all the 
prescribed number of suction nozzles to suck and 
mount ECs, which leads to avoiding the decrease of the 
EC mounting efficiency that would otherwise result from 
letting the defective nozzle remain of no use. 

35 [0139] It is to be understood that the present inven- 
tion may be embodied with not only the various features 
recited in SUMMARY OF THE INVENTION, but also 
various changes, improvements, and modifications that 
may occur to one having ordinary skill in the art without 

40 departing from the scope and spirit of the invention 
defined in the appended claims. 
[0140] Each feature disclosed in this specification 
(which term includes the claims) and/or shown In the 
drawings may be Incorporated in the invention inde- 

45 pendently of other disclosed and/or illustrated features. 
[0141] Statements in this specification of the 
"objects of the invention" relate to preferred embodi- 
ments of the invention, but not necessarily to all embod- 
iments of the Invention falling within the claims. 

50 [0142] The description of the invention with refer- 
ence to the drawings is by way of example only. 
[0143] The text of the abstract filed herewith is 
repeated here as part of the specification. 
[0144] An apparatus (20, 22) for moving at least 

55 one suction nozzle (90) holding, by suction, an electric 
component (92), and mounting, on a circuit substrate 
(32), the component held by the nozzle, the apparatus 
including a nozzle-defect detecting device (78, 396; 
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460; 470; 490) which detects a defect of the suction 
nozzle, and a nozzle exchanging device (62, 64 170 
200, 190, 192. 152, 280, 312) which automatically 
exchanges the defective suction nozzle having the 
detected defect, with a normal suction nozzle (90). 

Claims 



1. 



2. 



3. 



An apparatus (20. 22) for moving at least one suc- 
tion nozzle (90) for holding, by suction, an electric 
component (92), and mounting, on a circuit sub- 
strate (32). the component held by the nozzle, the 
apparatus comprising: 

a nozzle-defect detecting device (78. 396; 460; 
470; 1 60, 480; 490) for detecting a defect of the 
suction nozzle; and 

a nozzle exchanging device (62, 64, 170, 200. 
190, 192. 152, 280, 312) for automatically 
exchanging the defective suction nozzle having 
the detected defect, with a non-defective suc- 
tion nozzle (90). 

An apparatus according to claim 1 . further compris- 
ing a nozzle-exchanging-device control device 
(330) for controlling, when the nozzle-defect detect- 
ing device detects the defective suction nozzle, the 
nozzle exchanging device to exchange the defec- 
tive suction nozzle with the non-defective suction 
nozzle, while suspending an electric-component 
mounting operation. 

An apparatus according to claim 2, for mounting a 
plurality of electric components on a circuit sub- 
strate, wherein the nozzle-exchanging-device con- 
trol device (330) is adapted to control the nozzle 
exchanging device to exchange the defective suc- 
tion nozzle with non-defective suction nozzle, while 
suspending the electric-component mounting oper- 
ation in which the electric components are mounted 
on the circuit substrate. 

An apparatus according to claim 1, for mounting a 
plurality of electric components on the circuit sub- 
strate, wherein at least one of the nozzle-defect 
detecting device and the nozzle exchanging device 
is operable in the electric-component mounting 
operation in which the electric components are 
mounted on the circuit substrate. 
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An apparatus according to any one of claims 1 to 4, 
further comprising a judging device (330, S3) for 
judging, when the nozzle-defect detecting device 
detects the defective suction nozzle, whether it is 
needed to exchange the defective suction nozzle 
with the suction nozzle to prevent the defective suc- 
tion nozzle from holding, by suction, any other elec- 
tric component. 
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An apparatus according to any one of claims 1 to 5, 
further comprising a movable member (54. 56, 58, 
60) for supporting a plurality of suction nozzles (90) 
for holding,by suction, respective electric compo- 
nents (92), so that when the movable member is 
moved, the electric components held by the suction 
nozzles are simultaneously transferred with the 
movable member. 

An apparatus according to claim 6, wherein the 
movable member comprises a rotatable member 
(68) which is rotatable about an axis line for sup- 
porting the suction nozzles around the axis line, the 
rotatable member being movable to sequentially 
position each of the suction nozzles at a compo- 
nent-mount position to enable each suction nozzle 
to mount, on the circuit substrate, the electric com- 
ponent held thereby. 

An apparatus according to any one of claims 1 to 7, 
wherein the nozzle-defect detecting device com- 
prises: 

an image taking device (460; 470) for taking an 
image of at least a portion of the suction noz- 
zle; and 

an image processing device (330) for process- 
ing image data representing the image taken 
by the Image taking device, and judging 
whether the suction nozzle has the defect. 

An apparatus according to claim 8, wherein the 
nozzle-defect detecting device further comprises a 
defect-detect moving device (78. 370) for moving at 
least one of the suction nozzle and the image taking 
device relative to the other of the suction nozzle and 
the image taking device. 



10. An apparatus according to any one of claims 1 to 9, 
wherein the nozzle-defect detecting device com- 
prises: 

a beam emitting device (406; 492) for emitting 
a light beam in a direction intersecting an axis 
line of the suction nozzle; and 
a beam detecting device (408; 494) for detect- 
ing the light beam which has been emitted by 
the beam emitting device and has been 
affected by the suction nozzle. 

11. An apparatus according to claim 10. wherein the 
nozzle-defect detecting device further comprises a 
defect-detect moving device (78, 370) for moving at 
least one of the suction nozzle and a combination of 
the beam emitting device and the beam detecting 
device to the other of the suction nozzle and the 
combination. 
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12. An apparatus according to claim 9 or claim 11, 
wherein the defect-detect moving device comprises 
a nozzle moving device (78) for moving the suction 
nozzle in a direction having at least one of a first 
direction component intersecting an axis line of the 5 
suction nozzle and a second direction component 
parallel to the axis line. 

13. An apparatus according to any one of claims 9, 1 1 , 
and 12, wherein the defect-detect moving device 10 
comprises a nozzle rotating device (370) for rotat- 
ing the suction nozzle about an axis line thereof. 

14. An apparatus according to any one of claims 1 to 

13, wherein the nozzle-defect detecting device is 
comprises: 



15. An apparatus according to claim 14, wherein the 25 
judging device comprises a statistic-analysis device 
(480, S21-S28) for statistically analyzing a plurality 

of failures detected by the failure detecting device, 
and judging,based on the statistic analysis of the 
statistic-analysis device, whether the suction nozzle 30 
has the defect. 

16. An apparatus according to any one of claims 1 to 
15, wherein the nozzle exchanging device com- 
prises: 35 

a nozzle storing device (190, 192) for storing a 
plurality of suction nozzles (90) such that each 
one of the suction nozzles is removable there- 
from independent of the other suction nozzles; 40 
and 

a nozzle-exchange moving device (62, 64, 170, 
200) for performing a nozzle-exchange move- 
ment including a combination of a first relative 
movement of said each suction nozzle and the 45 
nozzle storing device in a direction parallel to 
an axis line of said each suction nozzle and a 
second relative movement of said each suction 
nozzle and the nozzle storing device in a direc- 
tion perpendicular to the axis line. so 

17. An apparatus according to claim 16, wherein the 
nozzle exchanging device further comprises: 

a nozzle holder (152) for holding the suction 55 
nozzle in a state in which the nozzle holder per- 
mits the suction nozzle to be removed there- 
from when being drawn with a force having a 



direction toward a free end thereof and a mag- 
nitude greater than a reference value; and 
a permitting and inhibiting device (280, 312) 
which is supported by the nozzle storing device 
and which is selectively placeable in (a) permit- 
ting state in which the permitting and inhibiting 
device permits the suction nozzle held by the 
nozzle holder to be stored by the nozzle storing 
device by being moved in one of opposite 
directions parallel to an axis line of the suction 
nozzle and permits each of the suction nozzles 
stored by the nozzle storing device to be 
removed from the nozzle storing device by 
being moved in the other direction, and (b) an 
inhibiting state in which the permitting and 
inhibiting device inhibits the suction nozzle held 
by the nozzle holder from being stored by the 
nozzle storing device by being moved in said 
one direction and inhibits said each suction 
nozzle stored by the nozzle storing device from 
being removed from the nozzle storing device 
by being moved in said other direction. 

18. An apparatus according to claim 17, wherein each 
of the suction nozzle held by the nozzle holder and 
the suction nozzles stored by the nozzle storing 
device includes a holdable portion (136) which can 
be held by the nozzle holder, and a shoulder sur- 
face (148) facing toward a side of the holdable por- 
tion, and wherein the nozzle storing device 
comprises a nozzle storing member (194) and the 
permitting and inhibiting device comprises a noz- 
zle-removal inhibiting member (280) and a nozzle- 
removal-inhibiting-member moving device (312), 
the nozzle storing member having a plurality of noz- 
zle storing holes (250) which are formed along a 
reference plane and each of which can accommo- 
date a free-end-side portion (134) of said each suc- 
tion nozzle that is located between a free end 
thereof and the shoulder surface thereof, the noz- 
zle-removal inhibiting member being movable along 
the reference plane, and having (a) a plurality of 
through-holes (284) which correspond to the plural- 
ity of nozzle storing holes of the nozzle storing 
member, respectively, and each of which permits 
said free-end-side portion of said each suction noz- 
zle to be passed therethrough in said opposite 
directions parallel to the axis line of said each suc- 
tion nozzle, and (b) a plurality of nozzle-removal 
inhibiting portions (288) which are adjacent to the 
plurality of through-holes, respectively, and each of 
which can engage the shoulder surface of said 
each suction nozzle to prevent said each suction 
nozzle from being removed from the nozzle storing 
member, the nozzle-removal-inhibiting-member 
moving device moving the nozzle-removal inhibiting 
member to an operative position thereof where one 
of the nozzle-removal Inhibiting portions can 



a failure detecting device (160) for detecting a 
failure of the suction nozzle to hold, by suction, 
an electric component; and 20 
a judging device (480, 330) for judging, based 
on the detected failure, whether the suction 
nozzle has the defect. 
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engage the shoulder surface of said each suction 
nozzle and to an Inoperative position thereof where 
the plurality of through-holes are aligned with the 
plurality of nozzle storing holes, respectively. 

5 

19- An apparatus (20, 22) for performing a series of 
electric-component mounting operations, the appa- 
ratus comprising: 

a mounting device (50, 52) for mounting, io 
according to a prescribed electric-component 
mounting program, a plurality of electric com- 
ponents (92) on each of a plurality of circuit 
substrates (32) in a corresponding one of the 
series of electric-component mounting opera- is 
tions; and 

an in-operation nozzle exchanging device (62, 
64, 170, 200, 190, 192, 152, 280, 312) for 
exchanging a defective suction nozzle (90) with 
a non-defective suction nozzle (90) during the so 
series of electric-component mounting opera- 
tions. 

20. An apparatus according to claim 19. wherein the in- 
operation nozzle exchanging device is adapted to 25 
exchange the defective suction nozzle with the nor- 
mal suction nozzle in said one of the series of elec- 
tric-component mounting operations in which the 
mounting device mounts the plurality of electric 
components on said each circuit substrate. 30 

21. A method of moving at least one suction nozzle for 
holding, by suction, an electric component, and 
mounting, on a circuit substrate, the component 
held by the nozzle, the method comprising the 35 
steps of 
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nent mounting operations in which the plurality of 
electric components are mounted on said one cir- 
cuit substrate. 

24. A method according to claim 22 or claim 23, further 
comprising detecting, in the series of electric-com- 
ponent mounting operations, a defect of a suction 
nozzle, wherein the step of exchanging the defec- 
tive suction nozzle with the non-defective suction 
nozzle comprises exchanging the defective suction 
nozzle having the detected defect, with the non- 
defective suction nozzle, to prevent the defective 
suction nozzle from holding, by suction, any other 
electric component. 

25. A method according to claim 22 or claim 23, further 
comprising 

detecting, during the series of electric-compo- 
nent mounting operations, a defect of a suction 
nozzle, and 

continuing the series of electric-component 
mounting operations without Instantly exchang- 
ing the defective suction nozzle having the 
detected defect, with the non-defective suction 
nozzle, and 

wherein the step of exchanging the defective 
suction nozzle with the normal suction nozzle 
comprises exchanging, when a predetermined 
condition is satisfied, the defective suction noz- 
zle having the detected defect, with the non- 
defective suction nozzle. 



detecting a defect of the suction nozzle, and 
automatically exchanging the defective suction 
nozzle having the detected defect, with a non- 40 
defective suction nozzle. 



22. A method of performing a series of electric-compo- 
nent mounting operations in each of which a plural- 
ity of electric components are mounted, according 45 
to a prescribed electric-component mounting pro- 
gram, on a corresponding one of a plurality of circuit 
substrates, the method comprising the step of 

exchanging a defective suction nozzle with a so 
non-defective suction nozzle during the series 
of electric-component mounting operations. 

23. A method according to claim 22, wherein the step of 
exchanging the defective suction nozzle with the 55 
normal suction nozzle comprises exchanging the 
defective suction nozzle with the non-defective suc- 
tion nozzle during of the series of eleclrlc-compo- 
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